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FOREWORD 


I.  ww  V 


This  Technical  Report  was  prepared  for  the  Joint  Fuze 
Task  Group,  a task  force  of  the  Fuze  Management  Board  in  the 
Joint  Logistics  Commanders  Organization.  Because  the  Ser- 
vices' fuze  programs  are  dynamic  and  changing,  the  report 
represents  the  best  data  available  to  the  task  force  at 
this  time.  The  purpose  of  the  report  is  to  provide  data  on 
remote-set  fuzing  concepts,  thereby  promoting  inter-Service 
awareness  of  the  total  Department  of  Defense  remote- set 
fuzing  efforts  and  their  implications  for  commonality  of 
future  fuzing  systems.  By  careful  analysis  of  the  data  in 
this  report,  personnel  (management  and  engineering)  should 
be  better  able  to  determine  technical  voids  and  areas  of 
potential  duplication  or  proliferation. 

The  findings  of  this  report  are  not  to  be  construed  as 
an  official  Department  of  Defense  position,  unless  so  des- 
ignated by  other  authorized  documents. 
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INTRODUCTION 


1 . 1 Background 

The  Fuze  Management  Organization  (FMO)  was  chart- 
ered by  the  Joint  Logistics  Commanders  to  maximize  the  co- 
ordination of  the  Services  fuze  research,  development  and 
engineering  programs  for  nonnuclear  munitions.  The  FMO 
consists  of  a permanent  Fuze  Management  Board  (FMB)  whose 
members  are  General  and  Flag  officers  representing  the  three 
Services,  and  a Joint  Fuze  Task  Group  (a  temporary  tri- 
Service  working  group)  which  is  the  action  arm  of  the  FMB. 

The  Joint  Fuze  Task  Group  (JFTG) , as  part  of  the 
FMO  objective,  identified  a number  of  study  tasks  to  resolve 
some  questions  which  were  raised  in  a fuze  study  report  pre- 
pared by  a committee  chaired  by  MG  Daniel  with  respect  to 
potential  duplication  and  proliferation.  Remote-set  fuzing 
was  one  of  the  candidate  subjects  identified  for  such  a 
study,  because  it  appeared  that  multiple  efforts  were  being 
pursued  on  hardwire,  acoustic,  inductive,  optical,  radio 
frequency,  and  X-ray  approaches  to  a data  link. 

The  remote-set  study  task  was  assigned  to  the 
Joint  Technical  Coordinating  Group/Munitions  Division/Work- 
ing Party  fcr  Fuzes  (JTCG/MD/WPFF) . The  WFFF  was  tasked 
because:  (a)  it  was  familiar  with  the  program  and  (b) 

it  was  initially  intended  that  the  JFTG  functions  would  be 
transferred  to  the  WPFF  in  the  transition  to  a permanent 
fuze  review  body. 

The  JFTG  expected  that  the  experience  gained  by 
the  WPFF,  working  under  the  JFTG  charter,  would  then  enable 
it  to  take  over  the  JFTG  functions  at  the  designated  time 
with  a minimum  of  problems. 

The  WPFF  formally  accepted  the  task  for  those 
reasons  and  established  an  ad  hoc  committee,  consisting  of 
tri-Service  members  who  were  actually  working  on  remote-set 
programs.  However,  at  this  time  it  is  planned  to  transfer 
the  JFTG  functions  to  a group  comprised  of  Service  Fuze 
Managers.  The  future  status  of  the  WPFF  is  uncertain. 


1 . 2 Scope 


This  report  is  the  joint  product  of  the  ad  hoc 
committee  on  remote-set  fusing  and  represents  the  consensus 
technical  judgment  of  that  committee.  The  report  first 
outlines  the  scope  of  the  study  and  defines  the  problem  to 
be  resolved  by  the  study.  This  is  followed  by  a description 
of  the  approach  taken  in  examining  the  issues,  and  by  the 
description  and  comparison  of  various  remote-set  systems, 
including  both  applications  and  technology  base.  Finally, 
the  conclusions  and  recommendations  of  the  Study  Group  are 
presented. 

1 . 3 Summary 

1.3.1  The  Study  Committee  determined  that  four 
data  links  are  being  actively  considered  for  current  and 
planned  developments.  These  are  inductive,  hardwire,  rf 
and  optical.  The  optical  system  is  being  developed  by  the 
Navy  for  the  Advanced  Aircraft  Armament  Stores  (AAAS)  system. 
It  will  provide  a common  data  system  for  future  aircraft 
stores  in  the  1990  time  frame.  The  inductive,  hardwire, 
and  rf  technologies  are  applied  to  a variety  of  helicopter, 
shipboard,  tank,  and  field  artillery  communications,  so  that 
this  appeared  to  be  an  area  where  duplication  of  effort 
could  be  reduced. 


However,  our  study  showed  that  there  was 
generally  a valid  rationale  for  choosing  different  data 
links  to  meet  the  different  requirements. 

1.3.2  The  Study  Group  concluded  that,  in  gen- 
eral, the  best  technical  approach  has  been  chosen  for  pro- 
grams currently  in  development  and  that  the  wide  variations 
in  technical,  tactical,  and  physical  requirements  limited 
the  commonality  which  could  be  achieved. 


that : 


Other  conclusions  from  the  study  were 
There  is  little  or  no  duplication  of  de- 


velopment efforts. 

Competition  is  vital  to  insure  technical 
advancement  and  the  availability  of  alternative  approaches. 
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No  single  data  link  is  satisfactory  for 
all  classes  of  weapons. 


limited  savings. 


Standardized  components  may  yield  some 


Standard  software  and  data  formats  would 
increase  commonality. 

1.3.3  We  consequently  recommend  the  following, 
both  to  assure  an  adequate  technology  base  and  to  reduce 
future  proliferation  of  remote-set  systems: 


chosen. 


Continue  current  programs  with  data  links 


Distribute  requirements  early,  through 
tri-Service  points  of  contact  for  fuzing. 

Fund  multiple  approaches  in  6.2  and  6.3A, 
but  closely  monitor  the  rationale  when  choices  are  made  for 
6.3E  and  6.4  programs. 

Standardize  software  and  data  formats. 

Consider  preparation  of  a JSOR  for  remote 
setting  of  fuzes  for  Navy  guns  and  fuzes  for  Army  artillery 
weapons . 

Provide  a vehicle  for  continued  coordina- 
tion between  remote- set  developers.  This  study  group  pro- 
vided the  best  vehicle  for  identifying  possibilities  for  new 
applications  of  systems  currently  being  developed. 

2.  HARMONIZATION  CONSIDERATIONS 

It  was  a goal  of  this  study  to  determine  the  degree  of 
proliferation  and  duplication  in  remote-set  fuzing  develop- 
ments and  remote-set  systems  between  and  within  the  Services 
and  to  determine  how  this  could  be  minimized  in  the  future. 

A concern  of  the  JFTG  was  whether  the  potential  benefits  of 
harmonization  and  commonality  could  be  obtained,  especially 
for  systems  contemplated  for  development  in  the  near  future. 
Harmonization  requires  coordination  between  the  Services  and 
awareness  of  existing  and  proposed  systems  to  insure  utili- 
zation of  technology,  experience,  and  hardware  wherever 


possible.  For  example,  requirements  documents  should  be 
written  sufficiently  general  to  allow  consideration  of 
alternative  approaches  to  obtain  the  best  solution  for  that 
application,  especially  if  existing  designs  could  be  adapted 
to  meet  new  requirements.  This  will  result  in  lower  overall 
costs  for  ammunition,  maintenance,  and  development.  It  will 
assure  the  availability  of  a responsive  industrial  base  that 
will  have  the  necessary  capacity  for  mobilization. 

One  means  to  achieve  commonality  would  be  to  limit  the 
technical  approach  for  new  systems  to  one  or  two  of  the  data 
links  available.  For  example,  all  new  developments  could 
be  limited  to  consider  only  inductive  and  hardwire  data 
links,  or  only  rf  and  hardwire.  However,  our  review  of 
systems  showed  that  this  would  greatly  limit  the  flexibility 
of  design,  and  that  each  of  the  four  principal  data  links-- 
rf,  inductive,  hardwire  and  optical  had  distinct  advantages 
for  certain  applications.  In  addition,  there  are  other 
factors  which  affect  harmonization  of  requirements  and 
systems . 

One  of  the  factors  which  at  first  appears  to  reduce 
harmoni zation  is  competition  between  developers.  This  can 
lead  to  the  application  of  remote-set  technologies  chosen 
because  the  developer  has  earlier  access  to  planned  new 
system  requirements,  or  serves  in  an  advisory  role  for  other 
system  aspects.  Obviously  competition  tends  to  lead  devel- 
opers to  use  their  own  ideas  for  a particular  application 
rather  than  choosing  from  among  viable  alternatives.  It  can 
result  in  each  developer  emphasizing  a particular  technology 
only  to  be  different  from  his  competitor. 

Other  areas  where  harmonization  looked  promising  were 
in  the  use  of  standard  hardware  components,  data  formats, 
and  computer  software.  We  considered  the  components  of  the 
munitions  to  be  set,  the  launch  platform,  the  data  link 
elements,  and  the  on-board  counting  and  memory  modules  to 
determine  if  greater  commonality  could  be  achieved.  The 
possibilities  of  using  common  or  modular  setters  were  dis- 
cussed, along  with  developing  a standardized  format  for  the 
output  data  that  would  meet  current  needs  as  well  as  those 
of  future  weapon  systems.  The  format  would  define  accept- 
able data  rates,  carrier  frequencies,  number  of  bits  in  a 
digital  message  and  so  on.  This  could  then  limit  the  pro- 
liferation of  new  operating  characteristics  and  enhance  the 
possibility  of  modular  approaches. 


For  applications  such  as  an  aircraft  stores  interface 
for  which  several  weapons  were  controlled  by  the  same  fire 
control  system,  it  also  seemed  feasible  to  use  a standard 
software  interface.  This  would  also  apply  to  systems  for 
which  the  fire  control  system  differed  qreatly  but  the 
setter  and  fuze  were  similar  to  other  appl icat ions . 

3.  SCOPE  OF  STUDY 

A meeting  was  held  11  January  1977,  jointly  sponsored 
by  the  JFTG  and  the  WPFF.  (The  minutes  of  this  meeting  are 
given  in  Appendix  A.)  Presentations  were  made  by  several 
development  labs  to  describe  the  status  of  remote- set  work 
within  the  three  Services.  At  this  meeting  the  WTFF  was 
tasked  to  study  remote-set  fuzing  and  formed  an  ad  hoc  study 
group  with  an  overall  chairman  and  two  sub-committee  chair- 
men. An  outline  of  the  task  objectives  was  provided  by  the 
JFTG,  the  sub- commi t tees  were  assigned  responsibilities  by 
weapon  categories,  and  some  specific  areas  of  interest  were 
identified  as  follows. 

3 . 1 Task  Outline  Assigned  by  the  JFTG 

The  task  objectives  assigned  to  the  ad  hoc  com- 
mittee were  to: 

Identify  all  past  and  present  efforts  in  remote- 
set  fuzing  by  technology  and  weapon  category. 

Identify  in-house  and  contractual  efforts  (dir- 
ected and  independent) . 

Recommend  consolidation  of  programs  to  avoid  dup- 
lication or  proliferation,  if  applicable. 

Identify  issues,  justify  recommended  approaches 
and  obtain  tri-Service  accord  in  the  remote-set  fuzing  areas. 

Document  the  foregoing  and  brief  the  FMO  during 
the  June  1977  time  period. 

3 . 2 Definition  of  Remote  Setting 

For  the  purpose  of  this  study,  remote  setting  was 
considered  to  be  the  transfer  of  data  and  control  signals 


S 


from  a fire  control/setter  system  over  some  distance  to  a 
munition  where  the  setting  unit  may  be  controlled  either 
manually  or  automatically.  The  connection  from  setter  to 
munition  is  automatic  and  remote  (without  operator  inter- 
vention) . 


This  definition  would  exclude  any  hand-set  fuze, 
including  the  XM587/724  electronic  time  fuze.  The  XM587 
requires  an  operator  to  push  the  setter  against  the  fuze. 
However,  the  General  Support  Rocket  System  (GSRS)  fuze  which 
is  electrically  identical  to  the  XM587,  is  considered  re- 
motely set  even  though  it  has  a permanent  hardwire  connec- 
tion between  the  fuze  and  setter.  Because  the  XM587/724 
must  be  considered  for  future  artillery  systems,  it  is  in- 
cluded in  the  remote-set  fuze  analyses. 

The  study  included  all  identified  systems  which 
are  seriously  contemplated  for  future  development.  Aircraft 
stores  management  was  reviewed  since  these  systems  also 
interface  with  fuze  setting. 

4.  APPROACH 

4 . 1 Organization 

At  the  11  January  1977  meeting,  Mr.  R.  Goodman 
of  HDL  was  selected  to  chair  the  ad  hoc  committee  for  the 
study  of  remote-set  fuzing.  There  were  to  be  two  sub- 
committees. Sub-committee  No.  1,  chaired  by  P.  Weldon, 
ARRADCOM,  would  concentrate  on  projectiles,  free  flight 
rockets,  decoys  and  ground  launched  missiles.  Sub-committee 
No.  2,  chaired  by  R.  Swenson,  was  to  study  bombs,  mines, 
torpedoes,  air-launched  missiles,  SLUFAE , SLUMINE , and 
stores  management. 

Because  of  the  interlocking  responsibilities  of 
the  members  of  the  sub-committees,  the  sub-committee  format 
was  dropped  and  the  group  met  together  and  acted  as  a single 
committee  after  the  first  working  meeting  on  3 and  4 May  1977. 
In  addition  to  the  original  appointees,  several  others  par- 
ticipated actively  because  of  their  specialized  areas  of 
interest.  The  Air  Force  representative,  R.  Erhart  of  Arma- 
ment Development  Test  Center,  was  unable  to  attend  any  meet- 
ings of  the  committee,  but  sent  a letter  stating  the  Air 
Force  view  of  remote  setting  for  bombs. 


The  final  group  was  comprised  ofj 


R . Goodman , Cha i rman 

Harry  Diamond  Laboratories  (HDD  Chairman 


P.  Weldon,  Sub-committee  Chairman 

Armament  Readiness  and  Development  Command 
(ARRADCOM) 


R.  Swenson,  Sub-committee  Chairman 

Naval  Weapons  Center/China  Lake  (NWC/CL) 


P . Wa  rd 

Naval  Surface  Weapons  Center/White  Oak  (NSWC/WO) 


R.  Kaiser 

Missile  Readiness  and  Development  Command 
(MIRA DCOM) 


H.  Hagedorn 

Armament  Readiness  and  Development  Command 
(ARRADCOM) 


R.  Sitaramiah 

Armament  Readiness  and  Development  Command 
(ARRADCOM) 


B.  Scheiner 

Harry  Diamond  Laboratories  (HDD 


4.2  Establishment  of  Data  Base 


Mr.  Goodman  began  the  study  by  conducting  a com- 
puter data  bank  search  of  149B's,  IRfcD  programs  and  reports 
in  order  to  identify  past  and  current  efforts  to  satisfy  the 
task  objectives.  A copy  of  the  output  data  is  contained  in 
Appendix  B. 


Subcomm i t t ee  members  were  « hen  notified  and  re- 
quested to  prepare  a summary  report  of  each  remot e-set  fuse 
program  (past,  present,  future)  of  which  they  were  cognisant 
including  any  which  may  not  have  been  identified  in  the  data 
bank  because  of  the  selection  of  key  words  or  because  the 
programs  were  terminated  long  ago.  These  reports  were  sub- 
mitted at  the  1-4  May  1977  meeting.  Copies  of  the  minutes 


of  the  meeting  aie  contained  in  Appendix  C.  Kach  conunittee 
member  gave  a brief  technical  description  of  the  remote-set 
fuzing  programs  in  his  report.  A table  was  generated  com- 
piling remote-set  technology  areas  (iductive,  hardwire,  rt  , 
acoustic,  optical,  mechanical,  and  x-ray)  and  their  respec- 
tive funding  status  and  potential  application  to  particular 
weapon  systems.  Individual  committee  members  were  then 
selected  to  conduct  an  analysis  and  evaluation  ot  all 
applicable  data  links  for  specific  weapon  applications. 

4 . 3 Ana  ly  s Jji 

At  a second  meeting,  held  »’4-.,r>  May  1977  at  HDL, 
the  committee  membei  reports  weie  submitted  and  discussed. 

An  analysis  of  t he  various  combinations  of  data  links  with 
each  weapon  system  was  conducted.  This  analysis  is  contained 
in  the  following  section  of  this  report.  From  the  analysis 
and  discussion  at  the  meeting,  the  conclusions  ami  recommen- 
dations of  the  ad  hoc  study  group  were  determined. 

5 * OFSl’K  ll'TlPN  OF  SYSTKMS 

Ah  was  discussed  in  section  4,  the  agendas  of  the  two 
meetings  consisted  of  sorting  and  organizing  the  raw  data 
into  a format  from  which  comparisons  between  remote -set 
(R/S)  data  'inks  could  be  made,  and  then  considering  the 
applicability  of  specific  data  linkH  to  various  weapon 
systems.  In  this  section  the  details  will  be  given  for  each 
weapon  system  to  which  a data  link  has  been  applied  or 
studied.  Discussions  of  the  weapon  systems  and  a comparison 
of  the  data  links  proposed  for  each  weapon  system  art'  found 
at  the  end  of  this  section.  The  data  generated  in  these 
discussions  and  at  the  meetings  were  refined  into  tables  and 
brief  summaries.  The  tables  in  this  section  will  give  in- 
formation on  the  developers  of  each  data  link,  the  status 
of  R/S  fuze  programs,  and  which  data  links  have  or  could  be 
applied  to  a specific  weapon  system.  In  the  summaries,  the 
salient  characteristics  of  each  R,  S data  link  will  be  dis- 
cussed. These  character ist ics  are  the  basis  for  the  con- 
clusions reached  by  the  study  group. 

S . 1 Remote  _Set_  Progi  am  Statu s 

In  table  S. I the  agencies  responsible  for  the  de- 
velopment and  foi  the  primary  applications  of  each  type  of 


TABLE  5.1 

REMOTE  SET  APPLICATIONS 


DEVELOPING 

R/S  DATA  LINK  AGENCY 


Inductive 

IIDL 

XM  4 4 3/ 4 4 4 Fuze  for  2.75” 

Rocket 

Fuze/Function  Setter  for 

Navy  8”  f,  5”  Guided  Projectile 

Sea  Gnat  Decoy  Rocket 

DDL 

Fuae/Funct ion  Setter  for  Navy 
Gun  Systems 

Radio  Frequency 

ARRADCOM 

R/S  Fuze  for  Tank  Projectiles 
R/S  Fuze  for  Field  Artillery 

Hardwire 

IIDL 

General  Support  Rocket  System 

ARRADCOM 

M4 3 3/M4 39  Fuzes  for  2.75” 
Rocket 

NWC/CL 

Smart  Bombs  and  Missiles 

NSWC/WO 

FMll-117  Electric  Bomb  Fuze 

Optical 

NWC/CL 

Advance  Store  Communications 
Technology  for  Smart  Bombs 
and  Missiles 

X-ray* 

NSWC/WO 

Remotely  Activated  Stores 
System  for  Electric  Bomb  Fuzes 

Acoust  ic  * 

IIDL 

2 . 75”  Rocket 

Tank  Guns 

Field  Artillery 

*Not  being  actively 

pursued  at 

this  time 

R/S  data  link  are  shown.  It  can  he  seen  from  this  table 
that  there  is  no  overlap  between  agencies  in  the  development 
of  data  links  except  for  hardwire.  For  instance,  HDL  is  the 
only  agency  with  ongoing  programs  for  inductive  links  while 
only  ARRADCOM  is  concerned  with  RK  systems.  The  Navy  induc- 
tive link  fuze/function  setter  is  an  Army/Navy  coordinated 
effort  utilizing  the  HDL  inductive  approach.  Thus,  duplica- 
tion of  research  effort  between  agencies  on  the  same  data 
link  does  not  present  a problem. 

A summary  of  the  program  status  and  FY77  funding 
level  for  ongoing  R/S  fuze  programs  is  shown  in  table  5.2 
and  satisfies  the  second  task  objective.  The  first  genera- 
tion 2.75  in.  rocket  fuzes  and  several  bomb  and  missile 
fuzes,  all  of  which  use  hardwire  data  links,  are  type  class- 
ified. All  other  R/S  fuze  systems  are  in  6.1  with  produc- 
tion possible  by  FY82-84.  The  risk  for  ail  of  these  fuze 
programs  is  relatively  low  compared  to  usual  6.2  and  6.3A 
programs  because  the  technologies  are  not  esoteric,  and  con- 
siderable effort  was  put  into  6.2  development. 

5. 2 Table  of  Weapon  Systems  vs.  Applicable  Data  Link 

A matrix  was  generated  of  each  weapon  system  and 
the  R/S  data  link  which  is  either  being  developed,  or  has 
been  proposed,  or  is  applicable  to  that  weapon  system  (see 
table  5.3).  This  table  is  useful  to  show  all  the  reasonable 
data  link  candidates  for  each  type  of  weapon  system.  For 
instance,  even  though  the  inductive  data  link  is  being 
funded  for  ship  projectiles,  most  of  the  other  data  links 
are  technically  feasible.  An  important  point  concerns 
those  cases  in  which  an  R/S  data  link  was  considered 
"Applicable"  to  a weapon,  but  no  previous  work  had  been  done 
which  pertained  directly  to  that  weapon.  In  these  cases, 
the  most  likely  data  link  was  selected  and  engineering  judg- 
ment used  to  decide  how  the  data  link  could  best  be  adapted 
to  the  weapon.  But,  for  some  of  these  cases  the  study  group 
identified  serious  technical  design  problems  associated  with 
the  particular  data  link  for  which  low- risk  solutions  could 
not  be  determined.  The  in-depth  engineering  required  to  re- 
solve the  higher  risk  solutions  waj  beyond  the  scope  of  this 
study  so  that  when  an  alternative  data  link  existed  which 
met  the  technical  requirements  with  a practical  approach, 
that  approach  was  chosen  although  it  might  increase  the  pro- 
liferation of  data  link  technology.  The  characteristics 
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TABLE  5.2 

R/S  FUZE  PROGRAM  SlfWARY 


PROGRAM 

DEVELOPER 

AGENCY 

STATUS 

FUNDING (K) 

Rockets 

M433/M439 

ARRADCOM/ 

NORTHROP 

2.75"  PMO 

TC/LP 

290 

XM443/444 

HDL 

2.75"  PMO 

6.3A 

120 

GSRS 

HDL 

GSRS  PMO 

6.3B 

250 

Sea  Ghat 

HDL 

Naval  Research 
Lab 

6.3B 

190 

Slamner 

MI RAD COM 

6.2 

136 

Projectiles 

RF  Fuzing 
System  Tanks 

ARRADCOM/ GE 

ARRADCOM 

6.3A 

211 

Fuze/Fn 

Setter 

HDL 

NSWC/DL 

6.3B 

100 

Bombs 

IMJ-117/B 

NSWC/WOL 

Pacific  Missile 
Test  Center 

P.  Mugu 

Production 

Support 

60  ! 
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TABLE  5.3  WEAPON'  SYSTEM  VS.  CDfMJNI  CATION  LINK  MATRIX 


stated  in  section  5.3  are  inherent  to  the  data  link  and  not 
limited  by  the  specifications  of  a particular  application. 

5 . 3 Data  Link  Applications 

The  data  links  can  be  classified  by  general  char- 
acteristics such  as  data  rate,  additional  fuze  cost,  and 
reliability,  as  shown  in  table  5.4  Some  of  these  categories 
are  subjective  to  some  degree,  and  may  depend  on  the  require- 
ments of  the  system  using  the  R/S  data  link.  However,  these 
characteristics  were  agreed  to  after  discussion  during  the 
committee  meeting.  This  section  highlights  the  salient 
characteristics  of  each  data  link. 

5.3.1  Radio  Frequency 

The  data  link  is  being  developed  for  a 
family  of  tank  munitions  which  include  the  Beehive  Flechette 
and  a developmental  high  explosive  multi-purpose  (HEMP) 
round.  The  components  of  the  system  include  a solid-state 
transmitter  and  externally  (to  the  tank)  mounted  stripline 
antenna.  Information  from  the  fire  control  computer  is 
coded  and  pulse  modulates  the  X or  Ku  band  carrier.  A re- 
ceiver circuit  in  the  fuze  receives,  detects  and  stores  the 
digital  data  which  is  transmitted  by  the  rf  data  link.  The 
data  must  be  received  during  the  window  between  the  projec- 
tile exit  from  the  muzzle  and  the  exit  of  the  ionized  fire- 
ball which  acts  as  a shield  to  the  carrier.  These  charac- 
teristics of  the  system  change  little  when  applied  to  other 
weapons.  The  primary  advantage  of  the  link  is  that  the  most 
recent  information  can  be  sent  to  the  fuze  just  after  firing 
of  the  munition.  In  a tank,  a round  is  held  in  the  chamber 
until  a target  is  sighted  and  the  gun  fired.  The  informa- 
tion transmitted  to  the  fuze  through  the  link  will  then  be 
the  latest  available  to  the  fire  control  system.  A second 
advantage  is  that  no  modification  is  required  to  the  gun 
since  an  antenna  can  be  mounted  on  some  appropriate  part  of 
the  weapon  platform.  A disadvantage  of  the  data  link  is  that 
it  might  be  difficult  to  use  in  a situation  where  high  power 
radars  are  normally  present,  such  as  aboard  ship.  Possible 
saturation  of  the  receiver  circuit  in  the  fuze  by  a radar 
signal  with  a similar  frequency  might  make  the  system  unreli- 
able. 
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TABLE  5.4 


Hardwire 

Ind 

RF 

Optical 

X-Ray 

Acoustic 

Setter  Cost1 

Low 

Low 

low 

Low 

l.iOW 

low 

Additional  Cost2 
to  Fuze 

Low 

Low 

Low 

Low 

High 

low 

Setter 

Reliability 

High 

High 

High 

High 

High 

High 

Reliability 
of  Link 

Fairly* 

High 

High 

High 

High 

High 

Energy  Transfer 
to  Fuze 

High 

Low 

None 

Very 

low 

None 

low 

Reverse  Link 
Capability 

Yes 

Yes 

No 

No 

No 

No 

EMI 

Susceptibility 

low 

Low 

Fair-  Low 
ly  Low** 

Low 

low 

Generated 

Signature 

No 

No 

Small 

No 

Small 

No 

Data  Transfer3 
Speed 

Medium 

Med. 

High 

High 

Medium 

Low 

lLow 

High 

< $ 3,000 
> $10,000 

Installed 

Installed 

2 Low 

Medium 

< $ 5 
$ 5 - 10 

3Low 

Medium 

High 

< 1 kHz 

1 kHz  - 
5 Mlz  - 

5Mlz 

50  MHz 

•Concern  over  connector  reliability 

••Problem  with  use  in  high  field  intensity  environment 


14 


5.3.2  Inductive 

Several  inductive  systems  have  been  de- 
veloped for  weapons  with  dissimilar  requirements,  including 
the  2.75-in.  fixed-fin  aerial  rocket  (FFAR) , the  Navy  5-in. 
guided  project ilt , and  the  Navy  Sea  Gnat  decoy  rocket.  The 
data  link  operates  as  a loosely  coupled  transformer,  where 
the  transmitter  (or  primary)  generates  an  ac  inductive  field 
which  is  detected  by  the  receiver  (or  secondary) . A reverse 
data  link  is  implemented  by  shorting  the  receiver  coil 
thereby  changing  slightly  the  impedance  reflected  back  to 
the  transmitter.  These  systems  differ  mainly  in  the  mechan- 
ical configuration  of  the  coils,  and  the  format  of  the 
amplitude  modulated  data.  A system  similar  to  the  XM443/ 
XM444  rocket  fuzes  was  assumed  for  the  tank  projectile,  fixed 
wing  A/C  rockets,  and  ground  to  ground  rocket  applications. 
Inductive  data  links  are  useful  because  of  their  versatility. 
The  positive  features  of  an  inductive  data  link  are  that  it 
can  transmit  energy  for  setting  and  memory,  incorporate  a 
feedback  link  to  verify  data,  have  little  susceptibility  to 
EMI,  and  does  not  generate  a detectable  signature.  However, 
a coil  of  wire  is  required  to  transmit  the  inductive  signal, 
and  this  coil  must  be  located  in  close  proximity  to  the  fuze. 
Unless  the  weapon  has  been  designed  to  specifically  utilize 
inductive  remote  setting,  some  type  of  retrofit  will  be 
necessary.  For  instance,  it  is  technically  feasible  to 
modify  the  breech  of  a tank  cannon  to  accept  a transmitter 
coil,  but  the  cost  may  be  prohibitive.  The  data  rate  of  an 
inductive  link  may  be  limited  to  100  kHz,  which  could  limit 
its  applicability  in  sophisticated,  high  data  rate  communi- 
cation links. 

5.3.3  Hardwire 

The  M433/M439  (product  improved)  rocket 
system  would  be  a logical  choice  for  a hardwire  data  link 
to  fixed  wing  A/C  rockets,  and  the  Slammer  ground  to  ground 
rocket  if  it  were  produced  for  the  helicopter  role.  The 
XM587  time  fuze  has  been  suggested  for  ship  projectiles 
because  of  its  data  verification  feature.  When  the  fuze  or 
the  guidance  and  control  section  of  a weapon  requires  high 
power  prior  to  launch,  a hardwire  connection  must  be  made 
in  any  case,  so  that  information  to  the  fuze  can  be  sent  via 
the  power  cable  or  another  wire  on  the  same  connector.  It 
is  probably  the  least  expensive  data  link  because  sophisti- 
cated transmitter  and  receiver  circuits  are  not  required. 
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One  disadvantage  of  hardwire  links  is  that  in  situations 
where  connection  must  be  made  in  the  field,  as  for  Navy  air- 
craft, it  has  been  found  that  reliability  is  greatly  reduced. 
Navy  experience  in  the  field  has  shown  that  human  error,  poor 
mechanical  contacts,  and  high  stress  environments  tend  to 
lower  the  reliability  of  hardwire  data  links.  A second 
disadvantage  is  that  hardwire  connections  are  not  suitable 
for  rapid  fire  weapons  where  sliding  contacts  would  have  to 
be  used,  rather  than  fixed  connectors.  Data  rates  can  be 
fairly  high,  but  there  is  some  noise  susceptibility  due  to 
the  interconnecting  wires. 

5.3.4  Optical 

An  optical  data  link  was  proposed  for 
shipboard  projectiles.  Another  was  proposed  for  aircraft 
rockets  based  on  the  Advanced  Stores  Communication  Technology 
(ASCT)  system.  The  ASCT  system  could  be  used  with  either  a 
connector  termination  for  the  fiber  optics,  or  no  termination 
if  the  weapon  can  be  optically  aligned  with  the  light  output. 
The  transmitters  would  be  high  intensity  LED's  while  photo- 
detectors act  as  receivers.  The  primary  advantage  of  an 
optical  data  link  (assuming  in  this  case  fiber  optic  tech- 
nology) is  its  high  rate  of  data  transfer.  This  would  be 
especially  useful  in  conjunction  with  digital  processing  sys- 
tems on  aircraft  which  would  communicate  by  means  of  multi- 
plexed data  busses.  Other  advantages  over  hardwire  include 
weight  savings,  price  savings  (in  the  future) , and  no  EMI 
problems.  Disadvantages  of  the  system  are  that  an  optical 
data  link  without  a connector  would  be  difficult  to  align, 
and  energy  transfer  is  very  limited  in  a practical  system. 

5.3.5  X-Ray 


The  Remotely  Activated  Stores  System 
(RASS)  is  an  x-ray  data  link  which  was  developed  for  setting 
electronic  bomb  fuzes  dropped  from  fixed  wing  aircraft.  It 
has  the  capability  of  setting  bombs  dropped  from  any  wing 
station  using  a single  transmitter  on  each  aircraft.  It  is 
also  not  susceptible  to  electromagnetic  interference  (EMI) 
and  does  not  provide  a readily  detectable  signature.  Further 
development  of  this  link  is  limited  by  the  solid  state 
detector  material  which  is  presently  developmental  and 
expensive . 
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5.3.6 


Acoustic 


An  acoustic  vibration  system  was  devel- 
oped in  the  early  1970's  by  both  ARRADCOM  and  HDL,  but 
dropped  in  favor  of  other  approaches.  The  system  trans- 
mitter was  an  ultrasonic  welder,  modified  to  allow  amplitude 
modulation  of  the  60  kHz  carrier.  The  main  problem  of  the 
system  is  that  data  transfer  is  slowed  by  the  ringdown  time 
of  the  metal  structure  containing  the  fuze.  In  addition, 
it  was  found  during  development  that  commercial  transducers 
suitable  for  receiving  the  ultrasonic  signal  were  not  avail- 
able and  that  there  were  no  development  efforts  in  that  area. 

5 . 4 Detailed  Technical  Descriptions 

Each  fuze  for  which  a remote  set  capability  is 
presently  being  investigated  has  been  described  (Appendix 
D)  in  some  detail  by  the  developer.  These  descriptions 
contain  information  on  the  primary  data  link  approach  for 
that  weapon  and  the  advantages  and  disadvantages  of  some  of 
the  alternate  approaches  in  table  5.4.  The  aircraft  stores 
management  system  being  considered  by  NWC/CL  is  also  de- 
scribed in  this  appendix.  As  far  as  the  Air  Force  is  con- 
cerned, Mr.  Erhart's  letter  (Appendix  E)  indicates  the  Air 
Force  is  not  currently  pursuing  any  specific  basic  remote - 
set  technology  efforts;  however,  under  a Memorandum  of 
Agreement  AFATL  and  NWC  are  planning  to  utilize  a common 
stores  management  system  if  and  when  the  Air  Force  adopts 
remote-set  fuzing. 

6.  RESULTS 


From  the  data  presented  in  section  5,  a set  of  conclu- 
sions were  developed  based  on  analysis,  engineering  judgment 
and  debate.  The  results  are  detailed  in  Appendix  D,  but 
will  be  summarized  in  this  section.  As  was  stated  in  section 
5.2,  the  results  are  often  based  on  the  characteristics  of 
data  links  which  are  "Applicable"  to  a weapon  but  for  which 
no  previous  work  had  been  done  pertaining  directly  to  that 
weapon.  The  x-ray  and  acoustic  data  links  will  not  be  dis- 
cussed since  basic  technical  problems  have  not  been  solved. 
However,  these  links  may,  after  future  development,  be  suit- 
able for  application  to  some  of  the  weapons. 
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6.1 


Tank  Guns 


For  tanks  the  forcing  requirement  is  that  a round 
must  be  loaded  in  the  gun  for  quick  reaction  against  person- 
nel equipped  with  anti-tank  missiles  or  helicopters.  If  the 
round  chosen  requires  a settable  fuze,  then  a suitable  data 
link  must  be  capable  of  setting  the  round  either  immediately 
before  it  is  fired  or  soon  after  it  exits  the  muzzle.  In 
addition,  any  significant  modification  of  the  breech  mechan- 
ism may  be  unacceptable,  and  other  modifications  to  the  tank 
should  be  minimized.  Another  consideration  is  that  where 
a high  volume  requirement  exists  for  the  remotely  settable 
ammunition,  the  cost  of  the  remote-set  electronics  should 
be  as  low  as  possible.  The  rf  data  link  has  been  developed 
primarily  for  the  tank  gun  application  and  meets  the  require- 
ments stated  above.  It  also  may  be  modified  to  measure  the 
muzzle  velocity,  and  has  the  capability  of  correcting  for 
velocity  variations  which  would  cause  range  errors.  A 
potential  disadvantage  of  the  rf  link  is  that  a detectable 
rf  signature  will  be  generated.  However,  the  results  of  a 
study  funded  by  ARRADCOM  shows  that  this  effect  is  unlikely 
to  cause  problems  in  the  tank  application. 

The  use  of  an  inductive  data  link  for  tank  rounds 
would  present  several  mechanical  design  problems  if  there 
is  a requirement  to  set  the  round  after  it  has  been  loaded 
or  fired.  Unless  the  breech  could  be  modified  it  would  be 
necessary  to  mount  the  coil  at  the  gun  muzzle.  In  order  to 
ensure  survivability,  structural  problems  would  probably  be 
encountered  in  the  mechanical  design  of  the  coil  and  also 
in  the  flexible  cable  which  would  transmit  the  signal  from 
the  fire  control  system  to  the  coil.  Although  there  is  no 
theoretical  reason  that  data  could  not  be  transmitted  fast 
enough  to  set  the  fuze  after  firing,  a system  with  a suffi- 
ciently high  data  rate  has  not  been  demonstrated.  In 
addition,  a means  of  measuring  muzzle  velocity  prior  to 
muzzle  exit  would  have  to  be  utilized  in  order  to  adjust 
the  data  for  transmission  to  the  inductive  link. 

An  optical  data  link  would  share  the  advantages 
of  small  size,  fast  data  rate,  and  no  modifications  to  the 
gun  with  the  rf  link.  However,  the  problem  of  transmitting 
a detectable  optical  signal  to  the  round  after  it  exits  the 
muzzle  has  not  been  explored. 


Based  on  the  above  discussion,  the  rf  data  link 
offers  superior  performance  for  the  tank  gun  application  at 
this  time. 

6 . 2 Artillery 

Requirements  for  artillery  gun  systems  are  under- 
going change  to  adapt  to  changing  battlefield  conditions. 

The  implementation  of  the  TACFIRE/BCS  system  in  1982  will 
make  the  gun  the  slowest  element  in  the  artillery  system. 

This  can  be  overcome  in  part  by  utilizing  automatic  data 
communication  which  would  allow  the  latest  information  from 
TACFIRE/BCS  to  be  transmitted  quickly  to  the  entire  gun 
battery  with  the  additional  benefit  of  eliminating  the  error- 
prone  human  interface. 

Since  there  is  no  firm  requirement  as  yet  to  re- 
motely set  artillery  projectiles,  specific  characteristics 
of  future  systems  are  not  known.  However,  since  the  equip- 
ment presently  required  to  set  time  fuzes  is  minimal  (either 
a special  wrench  or  in  the  future  an  XM587  setter) , any  in- 
crease in  the  amount  or  complexity  of  equipment  used  with  a 
remote -set  link  would  be  undesirable.  It  would  be  highly 
desirable  to  decrease  the  complexity  of  the  fuze  setting 
operation  while  retaining  high  accuracy,  safety,  and  reli- 
ability, to  obtain  the  highest  achievable  firing  rate. 

The  inductive,  rf,  and  hardwire  remote-set  sys- 
tems all  have  the  potential  to  fulfill  these  requirements 
as  described  in  the  next  sections. 

6.2.1  Inductive 

In  appendix  D,  the  applicability  of  the 
Navy  Remote-Set  Inductive  Fuze  System  to  tank  and  artillery 
projectiles  is  discussed  in  some  detail.  The  technical  risk 
involved  in  adapting  the  inductive  link  being  developed  for 
the  Navy  5"  and  8"  guns  to  Army  artillery  would  be  low.  How- 
ever, if  the  inductive  setter  was  integrated  with  the  weapon, 
additional  equipment  would  be  required  for  the  inductive 
link,  including  a transmitter  coil  and  perhaps  a fixture  to 
hold  the  shell  while  the  fuze  is  being  set.  Alternatively, 
a setter  similar  to  the  XM36E1  setter  for  the  XM587/724  fuze 
could  be  used.  A careful  study  of  Army  requirements  and 
Navy  development  schedules  would  be  necessary  to  ascertain 
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the  potential  monetary  savings  realizable  by  reducing  the 
development  costs  of  any  Army  remote -set  fuze,  and  be  in- 
creasing the  commonality  between  Army  and  Navy  time  fuzes. 
Such  a study  could  lead  to  a Joint  Service  Operational  Re- 
quirement ( JSOR) . 


A hardwire  remote-set  link,  the  XM587, 
is  presently  in  the  ED  phase  and  should  go  into  production 
in  the  near  future.  The  hand  held  XM36E1  setter,  which  is 
used  to  set  the  XM587  fuze,  has  a data  verification  capabil- 
ity and  can  be  interfaced  with  the  TACFIRE/BCS  system.  A 
disadvantage  to  this  setting  procedure  is  that  mechanical 
contact  must  be  made  between  the  setter  and  fuze. 

6.2.2  RF 

The  rf  link  developed  for  tank  guns  is  a 
contender  for  the  artillery  application.  The  features  of 
the  rf  link  include:  no  modification  to  the  gun  as  only  a 

small  rugged  transmitter  antenna  must  be  located  to  illumi- 

nate the  muzzle  region;  no  special  crew  procedure,  such  as 
hand  setting,  is  required;  and  dopper  radar  can  be  used  to 
measure  the  muzzle  velocity  so  that  corrections  to  the  time 
setting  can  be  applied  to  increase  system  accuracy. 

6 . 3 Shipboard  Guns 

At  present,  remote  setting  of  projectile  fuzes 
on  ships  is  accomplished  mechanically.  However,  the  Semi- 
Active  Laser  Guided  Projectile  (SALGP)  requires  at  least  24 
bits  of  data,  and  these  must  be  set  electronically.  The 
primary  requirements  for  a shipboard  data  link  are  that  it 
have  a data  verification  capability,  the  ability  to  operate 

in  the  shipboard  EMI  and  mechanical  environment,  and  be 

compatible  with  the  present  mechanical  setter.  Data  verifi- 
cation is  necessary  so  that  if  a SALGP  cannot  be  set,  another 
round  could  be  fired  immediately  after  the  first.  Ordinarily 
another  round  would  not  be  fired  until  the  forward  observer 
evaluated  the  results  of  the  first  round.  The  inductive  data 
link  was  selected  for  further  development  since  it  alone 
meets  all  of  the  requirements  stated  above.  Data  links 
originally  considered  applicable  to  the  setting  of  shipboard 
projectiles  include  optical,  hardwire,  and  rf;  but  these 
were  rejected  based  on  the  following  arguments. 


The  rf  data  linK  has  three  major  drawbacks:  First, 
the  high  energy  fields  generated  by  shipboard  radars  could 
saturate  the  receiver  on  the  projectile  unless  a fairly 
sophisticated  design  was  utilized;  second,  the  rf  link  does 
not  have  a data  verification  capability;  and  third  the  ioni- 
zation cloud  generated  by  Navy  guns  may  preclude  reliable 
commun ica t ion . 

Also  considered  was  the  optical  projectile  fuze 
communication  link  then  under  exploratory  development  at 
NSWC/WO.  Although  the  optical  link  was  technically  feasible, 
a suitable  location  for  the  optical  sensors  on  the  guided 
projectile  body  could  not  be  established.  The  optical  link 
does  not  have  a data  verification  capability,  and  its  cost 
was  projected  to  be  greater  than  the  cost  of  an  inductively 
set  fuze. 


A hardwire  data  link  has  been  proposed  for  utili- 
zation in  Naval  gun  systems.  The  XM587/XM724  fuze,  set  with 
the  XM36E1  fuze  setter,  is  an  electronic  time  fuze  presently 
in  Engineering  Development  (6.4)  at  HDL,  .and  would  be  used 
on  HE  and  Improved  Conventional  Munition  rounds.  The  advan- 
tages to  the  Navy  of  using  the  XM587/XM724  fuze  include 
elimination  of  the  bulk  of  development  costs,  and  commonality 
with  an  anticipated  high  production  rate  Army  fuze.  Some 
disadvantages  of  using  the  XM587/XM724  fuze  system  for  Navy 
duns  are  that  Naval  gun  systems  would  be  equipped  with  three 
separate  fuze  set ters--mechanical  for  inventory  fuzes,  in- 
ductive for  the  SALOP  round,  and  the  XM36E1  for  the  time 
fuze;  the  time  required  by  the  XM36F.1  to  set  a fuze  for 
maximum  flight  time  is  longer  than  the  time  available  for 
setting  in  the  76  mm  and  5"/54  gun  mounts  when  fired  at 
maximum  rate;  and  the  potential  for  corrosion  of  both  the 
setter  and  the  fuze  contacts  may  be  significant  in  the  salt 
air  environment. 

In  summary,  the  inductive  data  link  was  selected 
to  set  the  SALOP  and  the  ICM  rounds  since  it  meets  all  of 
the  requirements  of  the  Navy  5M  and  8"  gun  systems.  Other 
data  links  could,  with  further  development,  meet  the  same 
requirements,  but  would  be  more  costly  to  implement  than  the 
inductive  link.  In  addition,  the  inductive  link  has  the 
growth  potential  to  be  applied  to  other  Navy  guns  systems 
such  as  the  76  mm  MK75. 


r 


1 


6. 4 Aircraft  Rockets 

The  primary  application  for  aircraft  rockets  is 
the  2.75"  FFAR  used  as  an  area  weapon  on  helicopters.  Al- 
though fixed  wing  aircraft  have  used  2.75"  and  5"  rockets 
in  the  past,  changing  tactics  have,  for  the  most  part, 
eliminated  the  use  of  rockets  on  high  performance  A/C. 

Should  remotely  settable  rockets  be  used  on  fixed  wing  A/C, 
a system  similar  to  the  helicopter  version  could  be  adapted. 
Remote  set  requirements  for  helicopters  are  very  flexible. 

The  set  time  must  be  less  than  the  minimum  ripple  interval 
of  60  ms,  since  time  data  must  be  updated  as  the  rockets  are 
fired.  A back-up  mode  is  desired  so  that  the  munitions  can 
be  used,  although  with  some  limitations,  when  the  setter  is 
inoperable.  Data  verification  is  not  required  for  this 
application.  The  XM433/XM439  Fuze  System  which  utilizes  a 
hardwire  link  has  been  type  classified  for  limited  produc- 
tion; the  XM443/XM444/XM41  Improved  Remote-Set  Fuze  System 
is  in  Advanced  Development;  and  an  RF  data  link  similar  to 
the  system  developed  for  tank  projectiles  has  been  proposed. 

The  hardwire  data  link  has  several  minor  draw- 
backs. First,  the  accuracy  of  the  time  fuze  degrades  when 
the  firing  range  is  greater  than  4500  m,  and  its  growth 
potential  beyond  6000  m is  limited.  Second,  there  is  no 
back-up  mode  if  the  setter  is  not  operating  since  power  is 
derived  from  the  setter.  (These  are,  of  course,  drawbacks 
of  the  fuze,  not  the  data  link.)  Third,  reusable  mechanical 
connector  contacts  could  degrade  performance  in  the  field, 
although  no  such  problems  were  experienced  during  DT  II/OT 
II  field  tests. 

The  data  link,  developed  by  ARRADCOM,  was  m com- 
petition with  the  HDL  developed  inductive  system  for  use  in 
the  2.75"  FFAR.  The  HDL  system  was  chosen,  although  both 
systems  meet  the  data  transfer  speed,  reliability,  and  back- 
up mode  requirements.  The  inductive  link  has  the  disadvan- 
tage of  requiring  a modification  to  launchers  in  the  inven- 
tory so  that  the  transmitter  coil  can  be  retrofitted.  The 
transmitter  coil  can  be  manufactured  integrally  with  the  light 
weight  launcher  presently  under  development.  The  rf  data 
link  has  the  minor  disadvantage  of  generating  a short  rf 
signature,  and  the  possibility  of  crosstalk  between  helicop- 
ters must  be  considered.  Also,  the  helicopter  must  be 
modified  in  order  to  mount  the  transmitting  antennas. 
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An  optical  system  for  helicopter  rockets  would 
have  to  overcome  the  problem  of  supplying  power  to  the  fuze 
electronics  before  the  rocket  is  launched.  Also,  the  lack 
of  orientation  of  the  rocket  in  the  launcher  could  be  a 
significant  problem  in  aligning  the  transmitter  and  receiver. 

An  optical  data  link  is  not  being  developed  for  the  helicop- 
ter application  at  this  time. 

In  summary,  the  inductive  link  is  a leading  can- 
didate for  a second  generation  remote -set  rocket  fuze 
system  and  was  chosen  to  go  into  Advanced  Development. 

6 . 5 Ground  to  Ground  Rockets 

Two  rocket  systems  are  presently  under  develop- 
ment for  the  ground  to  ground  application.  The  GSRS  incor- 
porates 8"  free  flight  rockets  in  a six  round  disposable 
launcher  pod.  Two  of  these  pods,  which  also  serve  as  ship- 
ping containers,  are  mounted  on  a self-propelled  tracked 
vehicle.  The  principal  warhead  will  consist  of  dual-purpose 
submunitions,  and  a time  fuze  will  be  used  for  dispersal  of 
the  sub-munitions  at  the  proper  altitude.  The  system  is  in- 
tended to  support  cannon  artillery  under  surge  conditions. 

The  Slammer  VI  although  still  in  the  conceptual  stage,  is 
intended  to  provide  high  rates  of  firepower  to  advance  units. 

It  consists  of  six  standard  19-tube  launchers  (114  total  tubes) 
mounted  on  a M91  Chemical  Rocket  Launcher  and  firing  2.75" 

PFAR ' s . 


The  requirements  for  the  GSRS  were  essentially 
fixed  by  schedule  considerations.  A hardwire  data  link 
connecting  the  fire  control/setter  to  the  XM587  fuze  elec- 
tronics was  selected  because  the  design  had  been  proven  in 
ED  testing  on  artillery  projectiles.  Features  of  the  GSRS 
electronics  package  include  a nonvolatile  memory,  data  ver- 
ification, and  "fail  long"  failure  modes  to  enhance  over- 
head safety. 

The  Slammer  VI  system  would  probably  utilize  the 
XM443/XM439  hardwire  setting  system  initially.  When  the 
XM443/XM444  inductively  set  system  is  fielded  for  use  on 
helicopters,  it  would  probably  also  be  phased  into  the 
Slammer  VI  launchers. 
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6.6  Decoy  Rockets 


HDL  is  presently  engaged  in  the  design  of  an  in- 
ductive remote-set  fuze  for  the  Navy  Sea  Gnat  decoy  rocket. 
The  Sea  Gnat  is  a 5"  rocket  operating  at  short  range  with  a 
decoy  warhead.  The  Navy  uses  an  inductively  coupled  squib 
ignition  circuit  to  prevent  EMI  problems.  The  advantages 
of  an  inductive  data  link  for  this  application  are  that  no 
connection  is  needed  after  reloading,  and  the  EMI  protection 
for  the  squib  ignition  circuit  is  not  compromised. 

6. 7 Unguided  Bombs 

Selection  of  one  of  four  bomb  fuze  options — either 
proximity,  impact,  long  delay,  or  short  delay  is  made  by 
supplying  one  of  four  voltages  to  the  fuze.  The  selected 
voltage  is  available  on  the  end  of  a phone  jack  type  connec- 
tor, but  is  insulated  from  the  bomb  fuze  until  after  the 
bomb  fuze  is  released.  When  the  bomb  is  released,  the 
powered  end  of  the  connector  slides  up  and  makes  contact  with 
the  fuze  for  a length  of  time  sufficient  to  charge  a capaci- 
tor to  the  proper  voltage.  The  primary  requirement  for  bomb 
fuzes  is  that  no  power  be  applied  to  the  fuze  before  the  bomb 
physically  leaves  the  rack.  Changing  this  system  would  be 
worthwhile  only  if  either  a bomb  fuze  with  additional  cap- 
abilities (such  as  selectable  delay-after-impact)  was  devel- 
oped, or  if  a data  link  more  reliable  than  hardwire  contacts 
was  desired. 

An  rf  link  would  have  the  major  disadvantage  of 
being  required  to  operate  in  a very  high  EMI  and  RFI  environ- 
ment. Also,  the  addition  of  a possible  rf  signature  source 
is  undesirable.  One  technical  problem  is  that  there  would 
be  no  power  available  so  that  a power  source  would  have  to 
be  developed.  The  use  of  an  inductive  link  would  depend  on 
finding  a suitable  location  for  the  transmitter  coil. 

Assuming  that  only  the  remote-set  electronics  in  the  fuze 
were  powered,  but  not  firing  capacitors,  the  data  message 
could  be  sent  before  the  bomb  left  the  rack.  If  this  were 
not  permitted,  then  the  electronics  would  have  to  be  powered 
and  the  message  sent  while  the  bomb  was  within  1-2  feet  of 
the  transmitter  coil. 

There  are,  at  present,  no  plans  to  change  data 
links  from  the  hardwire  type. 


6.8  Smart  Bomba  and  Guided  Projectiles 

All  smart  bombs  and  guided  projectiles  require 
significant  amounts  of  prelaunch  power  in  order  to  spin 
gyro-stabilizers  or  cool  down  IR  detectors.  This  means  that 
some  type  of  hardwire  connection  must  be  made  between  the 
aircraft  and  the  munition.  In  addition  to  the  power  input, 
other  inputs  must  be  provided  for  prelaunch  checkout  and  to 
supply  guidance  information.  Since  a connector  must  be  pro- 
vided to  supply  power  to  the  weapon,  this  connector  would 
also  contain  the  contacts  which  supply  data  to  the  weapon. 
These  data  exchange  contacts  could  be  either  hardwire  or 
optical.  In  either  case,  it  is  envisioned  that  future  arma- 
ment systems  will  be  digital  using  either  a distributed  or 
centralized  processing  architecture  and  multi-plexed  data 
busses.  An  electro-optic  communication  system  using  fiber- 
optic cables  would  have  many  advantages  over  a hardwire 
cable.  Compared  to  hardwire  cables,  the  fiber-optic  cable 
can  provide  higher  bandwidth,  more  EMI  resistance,  less  cross 
talk  between  lines,  and  no  sparking  danger  when  broken.  Its 
drawback  at  present  is  in  repairability,  since  repairs  must 
be  accomplished  by  precision  tools. 

7.  CONCLUSIONS 

The  most  important  conclusion  reached  by  the  committee 
as  a result  of  this  study  is  that  there  is  presently  little 
or  no  duplication  of  effort  within  the  various  technology 
areas.  Parallel  approaches  are  being  pursued  but  this  is 
necessary  and  justifiable  at  the  early  stages  of  development 
to  provide  alternate  approaches  to  meet  specific  requirements 

No  single  technical  approach  provides  a satisfactory 
solution  to  all  of  the  applications  so  that  consolidation 
of  programs  to  avoid  duplication  is  not  advisable.  As 
discussed  in  Section  5,  each  system  has  limitations  which 
preclude  its  use  for  a specific  program.  And,  in  fact,  as 
each  application  was  reviewed,  it  was  observed  that  the  most 
appropriate  solution  for  remote  setting,  considering  the 
specific  system  constraints,  is  being  developed  for  on-going 
efforts.  As  a result,  there  is  no  unnecessary  duplication 
although  different  approaches  are  being  developed  for 
different  systems. 

In  Section  2 it  is  stated  that  competition  could  pre- 
vent maximum  harmonization.  However,  competition  is  vital 
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to  meet  long  term  needs  in  order  to  maintain  and  develop 
alternate  technologies  through  and  including  program  element 
6.3A.  Competition  is  necessary  to  prevent  technical  stagna- 
tion and  technical  obsolescence  and  enables  the  best  choice 
to  be  made  for  future  requirements.  But,  it  is  essential 
that  the  competition  be  managed  to  prevent  unnecessary  over- 
lap and  duplication  while  still  allowing  freedom  to  the 
designers . 

A major  consideration  in  achieving  commonality  is  the 
use  of  a common  setter  for  several  systems.  However,  this 
study  concluded  that  one  setter  cannot  perform  satisfactorily 
for  all  remote-set  systems.  Even  in  limited  cases  a common 
setter  cannot  be  used  because  of  the  different  weapon  systems 
interfaces  and  requirements.  In  many  cases  the  setter  func- 
tions are  integrated  with  the  complex  fire  control  computer, 
as  in  the  GSRS  vehicle  or  the  helicopters  which  fire  2.75- 
in.  rockets.  For  example  the  fuzes  and  launchers  for 
helicopter  rockets  and  for  Slammer  VI  would  be  identical. 
However,  in  one  case  the  setter  is  integrated  and  in  the 
other  case  the  setter  must  be  a stand-alone  piece  of  equip- 
ment, perhaps  operated  by  internal  battery  power. 

Throughout  the  study  it  was  apparent  that  the  weapon 
system  was  the  driving  factor  in  all  design  decisions.  Care 
should  be  exercised  that  the  attempt  to  achieve  commonality 
of  remote-set  systems  will  not  impose  a design  constraint 
that  will  result  in  increased  overall  cost  or  lowered  mili- 
tary effectiveness.  Any  small  increase  in  development  cost 
and/or  risk  which  accrues  to  the  program  by  choosing  an 
approach  for  remote  setting  different  from  a more  advanced 
design  is  insignificant  compared  to  the  benefits  of  increased 
cost  effectiveness  which  results  from  choosing  a better 
design.  In  most  cases  the  design  phase  of  a conventional 
fuze  development  program  is  a small  part  of  the  cost.  The 
major  cost  is  in  the  procurement  of  test  items,  conducting 
tests,  and  engineering  support  and  documentation  after  the 
design  phase.  Little  if  any,  cost  savings  result  from  forc- 
ing a common  or  existing  design  into  a new  system.  However, 
there  can  be  payoff  in  lowering  development  risk  and  there 
is  clearly  a benefit  in  choosing  a design  similar  to  a 
current  approach  utilizing  common  items  if  possible.  This 
lowers  technical  risk  and  allows  the  existing  mobilization 
base  to  be  readily  adapted  to  the  new  system. 
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8. 


RECOMMENDATIONS 


Specifically,  the  ad  hoc  study  group  makes  the  follow- 
ing recommendations  to  enhance  the  development  and  utiliza- 
tion of  remote-set  systems. 

a.  It  is  recommended  that  no  changes  be  made 
in  data  links  proposed  for  systems  which  are  presently  in 
Advanced  Development.  It  is  the  committee's  opinion  that 
the  selection  of  the  remote-set  data  links  for  use  in  these 
on-going  programs  was  based  on  sound  technical  considerations 
(discussed  in  Sec.  5) . Also,  a single  common  remote-set 
data  link  does  not  appear  technically  feasible  at  this  time. 
Future  technical  developments  may  very  well  allow  one  data 
link  to  be  used  for  all  new  weapon  systems.  However,  until 

a single  data  link  is  developed  which  can  meet  the  diverse 
technical  requirements  of  all  weapon  systems,  multiple 
approaches  must  be  taken  and  the  recommendations  below  are 
made  assuming  a multiple  approach  philosophy  for  new  weapon 
systems . 

b.  Draft  requirement  documents  for  remotely 
set  munitions  should  be  distributed  by  the  tri-Service  fuzing 
points-of-contact  to  their  respective  fuze  development  groups 
for  review  so  that  the  best  approach  can  be  proposed  and  the 
greatest  possible  harmonization  be  achieved. 

c.  Where  two  or  more  remote -set  systems 
appear  equally  applicable  and  the  choice  is  not  clear  because 
of  unknowns  which  will  not  be  resolved  until  later  in  the 
development  program,  then  alternate  competitive  approaches 
should  be  funded  at  least  through  program  element  6.3B.  This 
will  assure  that  the  most  cost-effective  approach  is  available 
as  the  system  unknowns  are  resolved. 

d.  R&D  programs  which  have  promise  for 
future  remote-set  applications  should  be  funded  to  support 
continued  progress.  This  is  important  because  weapon  systems 
possess  physical  and  electrical  design  constraints  which  may 
preclude  the  use  of  current  technology.  Such  things  as  data 
rate  for  rapid  fire,  or  the  need  for  operation  in  extreme 
EMI  environments  may  preclude  the  use  of  existing  mature  de- 
velopmental approaches  for  some  new  systems. 

e.  An  attempt  should  be  made  to  standardize 
the  data  link  format  between  the  fire  control  computer  and 


the  setter.  This  could  be  done,  for  example,  by  using  the 
MIL-STD-1553A  data  buss  for  computer  interfaces.  It  is  not 
practical  to  also  standardize  the  interface  between  setter 
and  fuze  because  of  the  wide  variation  in  designs. 

f.  Continued  close  coordination  between  de- 
velopers in  the  three  Services  must  be  maintained.  Periodic 
discussions  are  necessary  to  obtain  maximum  harmonization. 
This  could  be  done  through  the  WPFF  or  a similar  but  separate 
Remote-Set  Committee. 

g.  As  stated  in  Sec.  6.3,  the  Navy  is 
currently  developing  an  inductive  remote-set  fuze  for  the 
5"  and  8"  guided  projectiles  and  for  the  8”  ballistic  pro- 
jectile. The  Army  currently  has  no  definite  plans  for 
remote-set  field  artillery  but  for  the  sake  of  future  com- 
monality and  inter-operability,  it  is  recommended  that  the 
Army  determine  if  a need  for  remote-set  artillery  fuzing 
will  exist.  If  there  will  be  a need,  then  the  Army  require- 
ments should  be  determined  and  a JSOR  prepared  to  insure 
commonality. 


h.  Finally,  to  be  assured  of  obtaining  a 

smooth  running  committee  able  to  dedicate  sufficient  time 
and  effort  to  a study  of  this  type,  it  would  be  highly 
desirable  for  the  JFTG  to  prepare  a written  request  for  each 
agency,  requesting  support,  naming  the  individual  required, 
generally  outlining  purpose  and  scope  of  the  committee,  and 
then  estimating  duration,  funds  and  travel  required. 
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DEPARTMENT  OF  THE  ARMY 

HQUSAMMT  MATCMIEL  OCVCLOMtNT  AND  NIAOINCH  COMMAND 
JOINT  FUZE  TASK  GROUP 
ZSOO  POWDER  MILL  ROAD  ADELPMI  MO  20709 


DRCDE-JFTG  24  Jan  77 


MEMORANDUM  FOR  RECORD 

SUBJECT:  Minutes  of  a Joint  JFTG  & JTCG/MD/WPFF  Meeting 
on  Remote- Set  Fuzing  — 11  Jan  77 


1.  A joint  meeting  on  Remote-Set  Fuzing  was  held  at  the 
Harry  Diamond  Laboratories,  Adelphi,  MD  on  11  Jan  1977. 
Attendees  are  listed  in  enclosure  1. 

2.  COL  P.  G.  Burbules,  JFTG  Chairman,  opened  the  meeting 
by  reviewing  the  JFTG  tasks.  He  emphasized  task  No.  4, 
dealing  with  joint  harmonization,  of  which  the  remote-set 
fuzing  study  is  a sub- task. 

3.  He  also  reviewed  the  JFTG  Charter,  wherein  it  is  planned 
to  transition  the  JFTG  functions  to  the  JTCG/MD/WPFF  at 
some  time  in  the  future. 

4.  He  stated  that  he  requested  the  remote-set  fuzing  study 
be  conducted  by  the  Working  Party  for  Fuzes  (incl  2)  in 
order  that  they  become  familiar  with  methods  and  procedures 
used  by  the  JFTG  to  conduct  their  business. 

5.  He  reiterated  that  the  task  would  be  under  full  control 
of  the  WPFF , including  the  authority  vested  in  the  JFTG  for 
this  task.  The  JFTG  would  support  them  as  may  be  required. 
He  requested  that  the  WPFF  study  group  brief  the  JFTG,  in- 
formally on  a monthly  basis,  but  plan  a formal  briefing  in 
approximately  three  months. 

6.  Mr.  Vrataric,  JFTG,  acted  as  a temporary  meeting  Chair- 
man and  proceeded  to  call  for  briefings  by  the  Service 
Representatives . 

7.  These  briefings  consisted  of  descriptions  of  remote-set 
activities  being  pursued  by  the  individual  agencies.  The 
briefers  were: 
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SUBJECT:  Minutes  of  a Joint  JFTG  & JTCG/MD/WPFF  Meeting  on 

Remote-Set  Fuzing  — 11  Jan  77 

R.  Goodman,  HDL 
R.  Swenson,  NWC 
L.  Horowitz,  PA 
D.  Wasmund,  NSWC 

The  briefing  materials  will  be  included  in  a report  at  a 
later  date. 

8.  Mr.  Horowitz  identified  several  programs  on  remote-set 
fuzing  being  pursued  under  contract  by  Project  Managers  for 
helicopters.  These  programs  are  basically  the  hardwire 
approach  and  stores-management  used  in  some  of  the  present 
helicopters. 

9.  Mr.  Sid  Englander,  Chairman  of  the  WPFF,  took  over 
Chairmanship  of  the  meeting  and  stated  that  the  WPFF  was 
delighted  that  the  JFTG  requested  them  to  conduct  the 
study.  He  accepted  the  task  on  behalf  of  the  WPFF. 

10.  The  group  then  proceeded  to  list  all  remote-set  activ- 
ities, by  weapon  class  and  participating  agency.  The  list- 
ing revealed  two  groups  of  weapon  categories  that  could  be 
described  as  having  some  common  features  or  participating 
agencies,  that  would  require  two  Ad  Hoc  committees. 

11.  Mr.  R.  Goodman,  HDL,  was  appointed  Chairman  of  the  over- 
all task.  His  selection  was  based  on  the  fact  that  he  super- 
vised several  Army  and  Navy  remote-set  fuzing  programs,  thus 
was  well-versed  in  the  field. 

12.  Two  subcommittees  were  established  as  follows: 

Committee  No.  1 


P.  Weldon,  PA,  Chairman 
J.  Young,  NSWC 
R . Goodman , HDL 
J.  Winning,  M1C0M 

This  group  would  serve  as  committee  members  or  as  contacts 
to  obtain  working  members  for  their  respective  agencies. 
They  would  concentrate  on: 


A- 4 


DRCDE-JFTG  24  Jan  77 

SUBJECT:  Minutes  of  a Joint  JFTG  &JTCG/MD/WPFF  Meeting  on 
Remote-Set  Fuzing  — 11  Jan  77 

Projectiles,  guided  and  unguided 
Rockets,  ground  and  air-launched 
Decoys 

Missiles,  ground  launched 

Committee  No.  2 

R.  Swenson,  NWC,  Chairman 
P.  Ward,  NSWC 
R.  Goodman,  HDL 
J.  Winning,  MICOM 
R.  Erhart,  ADTC 
M.  Baran,  PA/AUSCOM 

They  would  concentrate  on: 

Bombs 

Mines 

Torpedoes 

Missiles,  air-launched 
Mines,  SLU-FAE , SLU-MINE 
Stores  management 

13.  Mr.  Goodman  stated  he  would  contact  all  persons  named 
and  meet  with  them  to  begin  the  study.  It  was  agreed  that 
the  Task  Outline,  included  as  enclosure  3,  would  be  used  as 
a guide. 

14.  There  appeared  to  be  a consensus  that  some  of  the 
efforts  may  involve  similar  or  parallel  approaches  and  that 
some  commonality  may  be  achievable. 

15.  Mr.  Vrataric,  JFTG,  would  continue  to  be  the  point  of 
contact  for  the  study  group  and  would  provide  advance  sum- 
mary data  sheets  being  submitted  by  the  Services. 


3 Incl 
as 


FRANK  VRATARIC 
Program  Analyst,  JFTG 


REMOTE  SET  FUZE  MEETING 
11  Jan  1977 


ATTENDEES: 

NAME 

ORGANIZATION 

PHONE  NO. 

Erhart,  R.C. 

ADTC/DLJF 

AV  872-2223 

Englander,  Sid 

NAVAIR/AIR 

AV  222-3848 

Swenson,  R.M.  , 

Code  3353 

Naval  Weapons  Center 

(714)  939-7323 

Kaiser,  Dick 

DRCPM-RK,  MI  COM 

AV  245-7323 
746- 3201 

Finger,  Dan 

HDL 

AV  290-2441 

Williams,  J.R. 

MAJ  USAF 

JFTG 

AV  290-2812 

Higuera,  R.L. 

JFTG 

AV  290-2812 

Goodman,  R.S. 

HDL 

AV  290-2440 

Neily,  Darrell 

HDL 

AV  290-2755 

Wasmund,  David 

NSWC/WOL 

394-2156 

Eby , R.E. 

NSWC/WOL 

394-1663 

Vrataric,  F. 

JFTG 

AV  290-1663 

AV 290-2812 

Horowitz,  Leo 

Picatinny  Ar serial 

880-6358 

Burbules,  P.  COL 

JFTG 

394-  2814 

Weldon,  P. 

ARRADCOM,  DRDAR-LCF-T 

880-2442 

i 

i 

: 
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DEPARTMENT  OF  THE  ARMY 

HQ  U1  ARMY  MATCN'KL  OlVdOPMKNI  AND  NKAOtNESS  COMMAND 
JOINT  PUK  TASK  GROUP 
laOOPOWOERMIU  ROAD  AOdPHI  M0  107I] 


DRCDE-JFTG 


21  Dec  76 


SUBJECT:  Remote  Set  Fuzing  Study 


Commander 

Air  Force  Systems  Command 
ATTN:  SDZ/Mr.  Hartmeyer 

Andrews  AFB,  Wash  DC  20334 


1.  The  Fuze  Management  Organization  (FMO)  Charter  (Incl  1) 
identifies  the  Joint  Technical  Coordination  Group  (Munitions 
Development)  Working  Party  for  Fuzes  (JTCG/MD/WPFF)  as  the 
successor  organization  to  the  Joint  Fuze  Task  Group  (JFTG) 
(Section  IV) . Section  V states  "The  JFTG  will  plan  the 
transfer  of  the  continuity  of  its  operation  to  the 
JTCG/MD/WPFF. " 

2.  To  facilitate  such  a transfer,  the  WPFF  should  have  prior 
experience  in  using  the  techniques  of  the  JFTG  for  obtaining 
tri-Service  accord  on  difficult  problems,  or  presenting  clearly 
defined  issues,  with  alternative  courses  of  action  and  recom- 
mendations, to  the  Fuze  Management  Board  (FMB)  for  decision. 

For  this  reason,  it  is  requested  that  the  JTCG/MD/WPFF  under- 
take the  task  of  harmonizing  current  Remote  Set  Fuzing  parallel 
approaches.  A task  outline  is  attached  (Incl  2).  A prelimi- 
nary meeting  date  has  been  scheduled  for  11  Jan  77,  but  it 

may  be  rescheduled  if  necessary.  A tentative  agenda  is 
attached  as  inclosure  3. 

3.  The  JFTG  will  provide  overview  guidance  and  assistance 

as  required.  The  JFTG  point  of  contact  is  Mr.  Frank  Vrataric, 
phone  number  394-2812. 


-^^Incl 

as 

£([JCL-  <=2~ 


PETER  G.  BURBULES 
COL,  USA 
Chairman,  JFTG 
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TASK  OUTLINE  ON  REMOTE  SET  FUZING 

1.  INTRODUCTION: 

The  Joint  Fuze  Task  Group  (JFTG)  is  undertaking  several 
studies  dealing  with  fuze  proliferation  and  duplication  of 
effort  within  the  Services.  JFTG  responsibilities  will  be 
transferred  to  the  JTCG/MD/WPFF  when  all  assigned  tasks  are 
completed,  or  require  only  continuing  maintenance. 

2.  REMOTE  SET  FUZING: 

Several  remote  set  fuzing  investigations  are  being  con- 
ducted by  Army  and  Navy  agencies.  Technical  approaches  in- 
clude direct  contact,  inductive,  optical,  acoustic,  x-ray, 
and  RF.  Applications  include  bomb,  rocket  and  artillery 
weapon  systems.  These  efforts  may  lead  toward  development 
of  two  (or  more)  remote  set  fuzes  for  similar  applications, 
i.e.,  proliferation  and  lack  of  commonality.  Insofar  as 
possible,  technologies  and  Service  tasks  should  be  targeted 
to  meet  multi-Service  requirements  with  a single  fuze. 

3.  RESPONSIBILITY: 

The  Chairman,  JTCG/MD/WPFF  is  assigned  the  responsibil- 
ity to  conduct  the  remote  set  task  to  meet  the  objectives 
specified  herein. 

4.  OBJECTIVES: 

Specific  tasks  objectives  are: 

a.  Identify  past,  present,  and  future  efforts  in  basic 
remote  set  technology. 

b.  Identify  past,  present,  and  future  efforts  directed 
to  a specific  weapon  system. 

c.  Identify  in-house  and  contractural  efforts  of  (a) 
and  (bj  above. 

d.  Cite  requirements  and  present  application  along 
with  future  development  plans  and  applications. 

e.  Establish/recommend  schedules  (or  modifications 

to  existing  schedules)  for  identifying  approaches  which  would 
satisfy  multi-Service  needs. 

j 
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f.  Establish/recommend  any  additional  efforts  that 
may  be  required  to  extend  one  Service's  technical  efforts 
to  satisfy  specific  requirements  of  other  Services. 

g.  Provide  estimates  of  costs  for  fuzes,  ancillary 
equipment  (remote  set),  production  equipment,  etc.,  for 
recommended  approach (es) . 

h.  Obtain  Tri-Service  accord  on  approaches  for  multi- 
Service  application.  If  such  accord  cannot  be  reached,  even 
though  the  JTCG/MD/WPFF  is  of  the  opinion  that  such  accord 
is  feasible  and  attainable  in  the  interest  of  commonality, 
then: 


(1)  The  JTCG/MD/WPFF  shall  clearly  define  the 
issues  and  alternative  courses  of  action. 

(2)  Prepare  a recommended  course  of  action. 

(3)  Present  (1)  and  (2)  above,  by  formal  brief- 
ing, to  the  FMB  for  decision. 

i.  Justify  multiple  approaches.  If  in  the  opinion 
of  the  JTCG/MD/WPFF  that  a single  approach  is  not  feasible 
or  desirable,  then: 

(a)  Prepare  a detailed  justification  for  multi- 
ple approaches. 

(b)  Identify  resulting  proliferation. 

(c)  Identify  potential  commonality,  e.g.,  single 
coding  approach,  etc. 

(d)  Present  (a),  (b)  and  (c ) above,  by  formal 
briefing,  to  the  FMB  for  approval. 

j . Task  the  JFTG  Ad  Hoc  user  panel  to  prepare  and 
staff  a JSOR  by  weapon  category,  if  applicable. 

5.  SCHEDULE: 

The  foregoing  studies  should  be  completed  by  Jun  77  in 
order  to  impact  the  FY78  budget.  A preliminary  meeting  has 
been  scheduled  for  0900,  11  Jan  77  at  the  Harry  Diamond 
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Laboratories,  Room  2G014.  Participants  should  be  prepared 
to  brief  on  their  respective  efforts  as  well  as  submit 
written  summaries  for  inclusion  in  the  minutes. 

6.  AUTHORITY: 

The  full  authority  of  the  JFTG,  to  the  extent  provided 
in  the  FMO  Charter,  is  hereby  delegated  to  the  Chairman, 
JTCG/MD/WPFF  for  requesting  Ad  Hoc  support  in  the  conduct 
of  this  task. 

APPROVED : 


I I 

PETER  G.  BURBULES 
COL,  USA 
Chairman,  JFTG 
18  Dec  76 
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DRXDO-DAD 

Minutes  of  Meeting,  Ad  Hoc  Committee  for  Remote  Set 

'ro  Attendees 

FR0M  R.  Goodman,  HDL  DATE  16  May  1977  CMT ’ 

Mr.  Goodman/dw/A2AA0 

I.  The  subject  meeting  was  held  on  3 and  A May  1977  at  HDL.  An  attendance  list  Is 
attached. 


2.  Bob  Goodman  reviewed  the  status  of  the  study  requested  of  the  WPFF  by  the  JFTG. 

The  objectives  of  the  study,  as  outlined  In  the  task  objectives  issued  previously 
were  reviewed  along  with  the  schedule. 

3.  The  principal  milestones  are  a formal  presentation  to  the  JFTG  on  17  June  I977 
and  a final  report  on  30  June  1977.  Sometime  after  17  June  the  committee  will  also 
report  to  the  Fuse  Management  Board. 

k.  The  members  of  the  committee  then  reviewed  the  principal  remote  set  programs.  A 
list  of  programs  and  technologies  was  made,  then  organized  Into  a chart  (Attachment  2). 
These  were  discussed  by  the  cognizant  developers:  Bob  Goodman,  Pete  Weldon,  Pat  Ward 
Dick  Swenson,  and  Roger  Sltaramlah.  * 


Projectiles  and  Rockets 


GSRS  (HOL) 

RB0C/R0C  (HOL) 

5,  8 Inch  GP  data  links  (HDL) 

5,  8 inch  Fuze/Function  Setter  (NSWC/WOL) 

RF  RS  Fuze  for  Artillery  and  Tanks  (ARRADCOM) 
First  Generation  2.75  Inch  Rocket  (ARRADCOM) 
Second  Generation  2.75  inch  Rocket  (HDL) 

Bombs.  Stores  Management.  Aircraft  Stores,  etc. 


SLU-FAE  (WOL) 

SLU-MINt  (WOL) 

Digital  Bomb  Fuze  (WOL) 
RASS  (NWC/CL) 

Bulldog  (NWC/CL) 

Harpoon  (NWC/CL) 

Opal  (NWC/CL) 

DIMAS  (NWC/CL) 


WALLEYt  I (NWC/CL) 

WALLEYE  II  (NWC/CL) 

CONDOR  (NWC/CL) 

BULLPUP  (NWC/CL) 

Digital  bomb  Fuze  (NWC/CL) 
Tomahawk  (NWC/CL) 

Maverick  (NWC/CL) 


A.  A letter  was  also  read  from  Bob  Ehrhart  of  the  Air  Force.  He  noted  that 
the  Air  Force  does  not  now  or  in  the  foreseeable  future  have  plans  for  cock- 
pit selectable  options  or  remote  set.  However,  Dick  Swenson  did  point  out 
that  the  long  term  development  of  a universal  microcomputer  controlled  Stores 
Management  and  Setting  System  would  have  application  to  Air  Force  systems  If 
the  AF  had  a change  of  heart. 
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5.  There  were  other  areas  In  the  tech  base  that  were  discussed  other  than  those 
technologies  with  direct  application  to  systems.  These  were  a low  frequency 

(10  MHz)  RF  data  link  with  FSK  modulation,  an  acoustic  vibration  link  which 
both  Hl)L  and  Plcatlnny  Arsenal  had  considered  earlier,  and  an  optical  data 
link  in  which  both  power  and  data  were  transferred  optically. 

6.  Some  newer  applications  were  also  reviewed.  Pete  Weldon  discussed  rf 
setting  after  launch  for  new  anti-tank/anti-aircraft  munitions  and  pointed 
out  that  the  rf  system  could  also  measure  muzzle  velocity  and  make  last 
second  corrections. 

7.  Attachment  2 was  then  developed.  Each  column  was  assigned  to  a principal 
developer  of  an  applicable  system.  He  was  to  summarize  each  technology 
(left  hand  column)  for  the  application.  Including  Its  advantages  and 

di sadvantages  and  why  this  development  was  not  contributing  to  proliferation. 

This  data  was  to  be  mailed  by  16  May  to  each  attendee  to  be  available  prior  to 
the  next  meeting. 

8.  Finally,  It  was  decided  that  another  meeting  be  held  on  24  May.  At 
this  meeting  the  final  report  would  be  drafted.  Important  Issues  Identified 
and  consensus  reached  on  positions  to  be  taken  by  the  committee. 

Some  of  the  considerations  for  the  study  were:  (I)  Multiple  approaches 
should  be  considered  through  6.3A  since  no  data  link  was  obviously  good 
for  all  applications;  (2)  Universal  coding  formats  should  be  considered, 

(3)  The  committee  should  make  some  hard  recommendations  If  It  Is  to  be  responsive 
to  the  goals  of  the  JFTG. 

9.  An  outline  for  the  study  was  proposed. 

1 . Purpose  of  Study 

2.  Scope 

(Define  Remote  Set) 

3.  Approach 

Division  of  Work 
Literature  Search 
Membership 

4.  Description  of  Systems 

3.  Harmonization  Considerations 

(How  to  achieve,  degree  of  prol Iferatlon,  outlook  for  new 
weapons  systems,  effect  of  competition) 
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6,  Recommendations 

(Conclusions,  MIL-STU's,  JSOR's,  ate.) 

7.  Appendices 

(Literature  search,  bibliography) 

10,  Action  Items: 

e,  Mali  out  discussions  of  Attachment  2 by  16  May 

b.  Next  meeting  24  May  at  0830  Hours  at  MOL. 

c.  Start  final  report, 

ROBERT  S.  GOODMAN 
Cha  I rman 

Incl  as 


JFTG  REMOTE  SET  FUZE  MEETING 


3 May  1977 

ATTENDEES 


NAME 

ORGANIZATION 

OFFICE  SYMBOL 

PHONE 

R.  S.  Goodman 

HDL 

DRXDO-DAD 

(202)  394-2440 
(AV)  290-2440 

B.  Scheiner 

HDL 

DRXDO-DAD 

(202)  394-2440 
(AV)  290-2440 

Roger  Sitaramiah 

ARRADCOM 

DRDAR-LCF-S 

(201)  328-4909 

Sid  Enqlander 

NAVA  I R 

AIR  5324 

(AV)  222-3848 

William  J.  Ryan 

JFTG 

DRCDE-JFTG 

(202)  394-2812 
(AV)  290-2812 

Frank  Vrataric 

JFTG 

DRCDE-JFTG 
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(AV)  290-2812 

Pete  Ward 

NSWC 
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Pete  Weldon 

ARRADCOM 
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Dick  Kaiser 
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Dick  Swenson 
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Code  3353 

(714)  939-7323 
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Dl.  REMOTE  SETTING  OF  TANK  PROJECTILES 


Setting  fuzes  on  tank  rounds  is  becoming  an  increasing 
concern  of  the  Armor  community.  This  is  due  in  large  part 
to  the  increased  threat  of  anti-tank  weapons  launched  by 
troops  and  helicopters. 

Presently,  the  M571  mechanical  time  fuze  is  used  to 
airburst  the  M494  projectile.  Since  the  Armor  community  is 
highly  desirous  of  replacing  this  fuze  due  to  its  poor  re- 
liability and  inaccuracy,  the  XM742  hand-settable  electronic 
time  fuze  is  presently  in  Engineering  Development  as  a re- 
placement for  the  M571.  This  new  fuze  will  provide  the  tank 
with  increased  effectiveness  through  better  utilization  of 
the  M494  round. 

Optimum  effectiveness  can  be  achieved  by  incorporating 
remote  setting.  This  will  provide  a tank  with  increased 
firing  rate  and  faster  response  time  by  eliminating  hand 
setting  and  directly  interfacing  the  fire  control  system  with 
the  accurate  electronic  fuze. 

Several  communication  link  technologies  can  be  consid- 
ered for  remote  setting  tank  fired  projectiles.  Among  these 
are  the  radio  frequency  (RF) , inductive  and  acoustic  systems. 

Dl-1  Radio  Frequency  Remote-Set  System  for  Tank  Cannon 

Projectiles 

The  RF  remote-set  system  described  in  Appendix  D3  is 
currently  in  advanced  development  (6.3)  for  tank  ammunition. 
The  objective  of  radio  frequency  remote-set  fuzing  program 
is  to  design,  develop  and  test  a remotely  settable  fuze  and 
its  information  link  for  large  caliber  tank  gun  ammunition 
systems. 

During  a Qualitative  Requirements  Information  Program, 
Problems  15-87,  15  April  1970,  several  types  of  remote-set 
fuzing  systems  were  investigated.  A radio  frequency  link 
was  chosen  because  it  minimizes  the  mechanical  and  electrical 
interfaces  between  an  existing  weapon  and  its  ammunition. 

No  modification  to  the  gun  is  required  for  RF  remote-set 
fuzing.  After  the  round  is  fired,  a microwave  transmitter 
mounted  on  the  vehicle  and  operating  from  vehicle  power  auto- 
matically sends  range  information  as  a burst  of  pulses  to  a 
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receiver  located  in  the  fuze.  This  occurs  when  the  round 
is  less  than  twelve  (12)  feet  from  the  muzzle. 

RF  technology  can  be  utilized  in  several  tank  applica- 
tions : 

a.  The  RF  remote-set  fuzing  system,  when  integrated 
with  automatic  fire  control  systems  found  in  M60A3  and  XM-1 
tanks,  will  provide  faster  and  more  effective  fire  power 
against  helicopters  and  troops  equipped  with  anti-tank  weapons 
by  eliminating  hand  setting  and  reducing  human  error.  In 
combat,  M494  Beehive  Flechette  rounds  could  either  be 
chambered  or  loaded  instantly  for  faster  response  against  a 
threat  such  as  troops  or  a helicopter  attacking  with  anti- 
tank guided  missiles.  No  modification  to  the  existing  M494 
round  is  required  to  equip  it  with  the  RF  remote-set  fuzing 
system  and  the  stockpile  may  be  retrofitted  by  simply  chang- 
ing the  fuze. 

b.  The  RF  remote-set  fuzing  system  is  applicable  to 
a round  being  considered  for  the  XM-1,  if  120  mm  is  chosen 
as  the  main  gun  caliber.  This  round  would  be  multi-purpose 
with  high  explosive  anti-tank  (HEAT)  and  airburst  fragmenta- 
tion functions  and  would  replace  the  HEAT,  high  explosive 
plastic  (HEP)  and  Beehive  rounds  currently  carried  on-board 
tanks.  Potential  targets  are  armored  vehicles  (in  the  HEAT 
mode)  and  buildings,  bunkers,  unarmored  vehicles,  helicop- 
ters, and  personnel  (such  as  Saggar  ATGM  squads) . RF  remote- 
set  fuzing  would  be  an  integral  part  of  this  round.  Setting 
information  will  be  transmitted  to  the  fuze  after  firing  from 
a tank-mounted  transmitter  interfaced  with  the  ballistic 
computer/fire  control  system  of  the  tank.  This  information 
would  include  selection  from  anti-tank  (HEAT) , impact,  delay- 
after-impact  or  time-to-airburst  function. 

A concept  investigation  was  performed  using  the 
120  mm,  M469  fin  stabilized  HEAT  round  as  a reference  projec- 
tile. In  the  sketch  of  this  proposed  high  explosive  multi- 
purpose (HEMP)  round  shown  below,  the  spike  and  the  shaped 
charge  of  the  M469  remain  unchanged.  The  addition  of  a mid- 
mount fuze  housing  requires  a minor  change  in  the  method  of 
connection  to  the  warhead  body.  The  boom,  which  requires 
redesign  to  provide  a large  fuze  cavity,  will  be  tailored 
after  the  105mm  M456  boom. 
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c.  Current  developments  have  made  feasible  a medium 
or  light  weight  armored  vehicle  with  a stabilized  medium 
caliber  weapon  (60-90  mm)  capable  of  a high  rate  of  fire.  A 
kinetic  energy  round  with  subcaliber  penetrator  would  be 
employed  offensively  against  armored  targets.  To  provide 
defense  against  ground  or  airborne  attacks  either  a multiple 
flechette  (Beehive  type)  or  high  explosive  proximity  round 
will  be  carried.  Setting  data  from  the  vehicles'  fire  con- 
trol system  could  be  communicated  to  these  latter  two  rounds 
via  a radio  frequency  link.  This  could  serve  to  turn-on  a 
proximity  fuze,  airburst  the  round  or  select  another  mode 
of  operation. 

The  RF  remote-set  system  for  tank  projectiles  has 
several  features.  No  modifications  are  required  to  the 
weapon  as  only  a small,  rugged  antenna  must  be  mounted  on 
the  vehicle  exterior.  The  system  requires  no  special  action 
by  the  loader  such  as  hand-setting  or  holding  a round  in  a 
fuze  setter  to  operate.  Firing  of  the  weapon  is  integral 
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with  RF  system  operation the  setting  data  is  transmitted 

to  the  fuze  after  the  gun  has  been  fired  and  the  projectile 
exits  the  weapon.  The  possibility  of  electronic  counter- 
measures or  radio  frequency  interference  reducing  system 
effectiveness  is  minimized  through  design  techniques  and, 
while  the  system  inherently  gives  off  an  instantaneous  RF 
signature,  it  is  insignificant  compared  with  other  tank- 
generated signatures.  The  RF  remote-set  system  can  transmit 
all  required  fuze  time  and/or  mode  information  within  a short 
time  due  to  its  high  data  rate.  Doppler  radar  capability 
can  be  incorporated  into  the  system.  This  could  be  used  to 
accurately  measure  the  muzzle  velocity.  Corrections  due  to 
muzzle  velocity  variations  could  be  included  in  the  trans- 
mitted setting  data  is  desired.  Finally,  the  system  will 
be  low  cost,  highly  reliable  and,  because  of  the  small  volume 
required  within  the  fuze,  a manual  setting  backup  can  be  pro- 
vided. 

Dl-2  Inductive  Link  Remote-Set  for  Tank  Projectiles 

The  inductive  link  remote-set  system  may  be  considered 
for  use  in  tank  applications  requiring  remote  setting.  This 
link  has  not  been  proposed  for  use  in  the  M-60  or  XM-1  series 
tanks  but  is  being  used  in  other  systems.  For  the  Navy  the 
inductive  link  is  being  developed  for  ship  projectiles  and 
decoys  and  for  MIRADCOM,  it  is  being  considered  for  the  sec- 
ond generation  of  the  2.75"  helicopter  launched  rocket 
system.  Specifics  of  these  applications  are  discussed  in 
other  portions  of  this  report. 

From  a tank  projectile  view  point  the  inductive  link 
has  the  following  characteristics: 

a.  With  its  localized  radiation  it  does  not  generate 
a detectable  signature  and  has  low  susceptability  to  EMI. 

b.  If  the  transmitting  coil  was  located  on  the  muzzle, 
difficulty  would  be  encountered  in  repeatedly  surviving  the 
muzzle  blast.  Also,  problems  would  arise  in  maintaining  re- 
liable wire  routing  down  the  gun  tube  and  across  the  recoil 
mechanism. 


c.  For  a breech-mounted  transmitting  coil,  consider- 
able modification  would  be  required  of  the  breech  mechanism. 
Also,  the  round  could  not  be  loaded  before  setting — thus  a 


tank  could  not  chamber  a round  for  fastest  response  against 
an  anticipated  threat. 

d.  The  inductive  link  has  not  demonstrated  a muzzle 
velocity  measurement  capability. 

e.  The  data  rate  is  low  in  comparison  with  other 
communication  link  technologies. 

While  the  inductive  link  has  not  been  proposed  for  M-60 
and  XM-1  series  tanks,  it  should  be  considered  for  new  devel- 
opments of  tank- type  weapons  such  as  HIMAG.  Depending  on 
specific  system  requirements  and  flexibility  in  modifying 
the  gun  mechanism,  not  only  the  inductive  link  but  also  a 
hardwire  system  should  be  investigated. 

Dl-3  Acoustic  Remote-Set  System  for  Tank  Projectiles 

The  acoustic  link  remote -set  system  might  be  applicable 
for  use  in  tank  projectiles  requiring  remote  setting.  One 
system  investigated  by  ARRADCOM  established  a remote- set 
fuze  communication  link  through  the  application  of  ultrasonic 
principles.  These  principles  utilize  the  resonant  mode 
transfer  function  characteristics  of  the  gun-projectile 
system.  This  linkage  system  allows  for  the  transmission  of 
range  time  information,  via  vibration  signals  and  mechanical 
coupling  paths,  to  an  electronic  fuze  of  a chambered  projec- 
tile from  a fire  control  system.  A vibration  controlled 
remote-set  fuze  was  designed  and  techniques  for  generating 
on-board  operating  power  through  piezoelectric  action  were 
developed. 

The  acoustic  link  has  the  following  characteristics 
pertinent  to  a tank  system: 

a.  The  system  is  not  vulnerable  to  ECM  or  EMI. 

b.  Uncertainty  exists  in  the  coupling  between  the  gun 
and  the  projectile. 

c.  A transmitting  transducer  must  mechanically  inter- 
face with  the  gun  tube. 

d.  The  link  has  an  inherently  slow  data  rate. 
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e.  Projectile  velocity  measurement  cannot  be  realized. 

f.  A backup  manual  setting  mode  is  not  provided. 
CONCLUSION 

Of  all  the  communication  link  technologies,  radio  fre- 
quency remote-set  fuzing  is  presently  an  appropriate  choice 
for  tank  fired  projectiles.  Reasons  for  this  include:  The 
tank  is  a well-established  weapon  system  with  particular  re- 
quirements and  constraints;  addition  of  the  RF  link  requires 
the  least  modification  of  the  tank  system;  disadvantages  of 
the  RF  link  for  a tank  application  are  minor;  advantages  of 
the  RF  link  surpass  those  of  other  technologies. 
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D2.  REMOTE  SETTING  OF  ARTILLERY  PROJECTILES 


Many  artillery  projectiles  require  fuze  setting  before 
they  are  fired.  This  operation  can  include  a simple  choice 
of  option  or  something  more  involved  such  as  selecting  time- 
to-function.  In  either  case,  the  manual  operation  takes  time 
and  is  a source  of  potential  human  error. 

Remote  setting  of  these  projectiles  can  reduce  this 
time  and  error — thus  making  artillery  fire  more  responsive 
and  effective.  Especially  in  conjunction  with  the  TACFIRE/ 
BCS  system,  remote  setting  could  best  provide  the  most  up- 
to-date  fuze  setting  based  on  the  latest  target  information. 

Two  communication  link  technologies  can  be  considered 
for  remote  setting  artillery  projectiles.  These  are  the 
radio  frequency  (RF)  and  the  acoustic  systems. 

D2-1  Radio  Frequency  Remote-Set  System  for  Artillery 

Projectiles 

The  RF  remote-set  system,  described  in  Appendix  D3, 
is  currently  in  advanced  development  for  tank  ammunition  and 
has  been  proposed  for  artillery  applications.  During  ex- 
ploratory development,  a feasibility  study  for  a radio  fre- 
quency remote-set  information  link  for  use  with  artillery 
ammunition  was  performed.  This  effort  included  the  design, 
development  and  testing  of  such  a system.  A prototype  trans- 
mitter was  developed  with  Doppler  radar  capability  to  deter- 
mine instant  of  muzzle  exit  and  then  transmit  fuze  setting 
signal.  A receiver,  compatible  with  XM742  Fuze  CMOS  cir- 
cuitry was  developed.  Laboratory  tests  confirmed  RF  per- 
formance while  air  gun  testing  by  ARRADCOM  showed  surviv- 
ability under  condition  of  gun  launch.  Successful  demonstra- 
tions of  the  RF  remote  system  during  live  firings  of  the 
prototype  fuzes  from  a 105mm  Howitzer  proved  the  feasibility 
of  sending  a setting  signal  via  RF  after  firing  and  thus, 
the  feasibility  of  this  system. 

When  applied  to  artillery,  the  RF  system  has  several 
features.  No  modifications  are  required  to  the  artillery 
piece  as  only  a small,  rugged  transmitter/antenna  must  be 
located  to  illuminate  the  muzzle  region.  To  operate  the 
system  requires  no  special  action  by  the  crew  such  as  hand 
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setting  or  mating  the  fuze  with  a setter.  Firing  of  the 
weapon  in  conjunction  with  the  TACFIRE/BCS  system  is  integral 
with  the  RF  fuze  setting  operation — the  data  is  transmitted 
to  the  fuze  after  the  gun  has  been  fired  and  the  projectile 
exits  the  weapon.  The  possibility  of  electronic  counter- 
measures or  radio  frequency  interference  reducing  system 
effectiveness  is  minimized  through  design  techniques  and, 
while  the  system  inherently  gives  off  an  instantaneous  RF 
signature,  it  is  insignificant  compared  with  other  artillery 
generated  signatures.  The  RF  remote-set  system  can  transmit 
all  required  fuze  time  and/or  mode  information  within  a short 
time  due  to  its  high  data  rate,doppler  radar  capability  can 
be  incorporated  into  the  system.  This  could  be  used  to 
accurately  measure  the  muzzle  velocity.  Corrections  due  to 
muzzle  velocity  variations  could  be  included  in  the  trans- 
mitted setting  data  if  desired.  Finally,  the  system  will 
be  low  cost,  highly  reliable  and,  because  of  the  small 
volume  required  within  the  fuze,  a manual  setting  backup  can 
be  provided. 

D2-2  Acoustic  Remote-Set  System  for  Artillery  Projectiles 

The  acoustic  link  remote-set  system  might  be  applica- 
ble for  use  in  artillery  projectiles  requiring  remote  set- 
ting. One  system  investigated  by  ARRADCOM  established  a 
remote -set  fuze  communication  link  through  the  application 
of  ultrasonic  principles.  These  principles  utilize  the 
resonant  mode  transfer  function  characteristics  of  the  gun 
projectile  system.  This  linkage  system  allows  for  the  trans- 
mission of  range  time  information,  via  vibration  signals  and 
mechanical  coupling  paths,  to  an  electronic  fuze  of  a cham- 
bered projectile  from  a fire  control  system.  A vibration 
controlled  remote-set  fuze  was  designed  and  techniques  for 
generating  on-board  operating  power  through  piezoelectric 
action  were  developed. 

From  the  artillery  viewpoint,  the  acoustic  link  has 
the  following  characteristics: 

a.  The  system  is  not  vulnerable  to  ECM  or  EMI. 

b.  Uncertainty  exists  in  the  coupling  between  the 
gun  and  the  projectiles. 

c.  A transmitting  transducer  must  mechanically 
interface,  with  the  gun  tube. 


D-10 


d.  The  link  has  an  inherently  slow  data  rate. 

e.  Projectile  velocity  measurement  cannot  be 
realized. 


f.  A back-up  manual  setting  mode  is  not  provided. 


CONCLUSION 

Of  the  two  applicable  communication  link  technologies, 
RF  remote-set  fuzing  is  the  most  appropriate  choice  for 
artillery  projectiles.  This  is  due  to  the  fact  that  the 
artillery  piece  is  a well  established  weapon  system  with 
particular  requirements  and  constraints.  To  add  the  RF 
setting  link  requires  the  least  modification  of  the  weapon 
system  while  providing  more  advantages  than  other  communica- 
tion link  technologies. 
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RADIO  FREQUENCY  (RF)  REMOTE -SET  COMMUNICATION  LINK 


D3-1  Description  of  the  System 

The  ARRADCOM  RF  remote-set  fuzing  system  utilizes  a 
radio  frequency  link  to  communicate  with  munitions  after 
launch.  The  weapon  fire  control  system  supplies  fuze  set- 
ting information  to  a microwave  transmitter,  mounted  on  the 
vehicle  and  operating  from  vehicle  power,  which  sends  a burst 
of  setting  pulses  to  a receiver  located  in  the  fuze.  The 
receiver,  which  is  an  integral  part  of  the  fuze,  accepts 
these  radio  frequency  pulses  and,  after  processing,  provides 
the  fuze  circuitry  with  the  proper  setting.  Shortly  after 
being  set,  the  fuze  electronics  turn  the  receiver  off  to 
conserve  power  and  prevent  countermeasures.  The  entire 
setting  process  occurs  within  five  (5)  meters  of  the  weapon. 
This  concept  for  a tank  application  is  illustrated  below. 


REMOTE-SET  FUZING  CONCEPT  (TANK  CONFIGURATION) 


D3-2  Discussion  of  Work-to-Date 

Exploratory  development,  to  prove  the  feasibility  of 
the  remote-set  system  concept,  has  been  completed.  This  work 
proceeded  in  phases,  which  are  briefly  described  below. 


1.  Controlled  Range  Airburst  (CRAB)  Fuze  demon- 
strated feasibility  of  transmitting  RF  pulses  to  a fuze  in 
flight.  An  off-the-shelf  radar  set  sent  continuous  pulses 
which  were  received  and  filled  a counter  in  the  fuze.  Func- 
tion time  varied  with  rate  of  pulse  transmission.  Ballistic 
tests  from  a 105mm,  M2A2  Howitzer  resulted  in  six  (6)  of 
nine  (9)  fuzes  functioning  as  expected. 

2.  Artillery  Remote-Set  Fuze  established  the  ability 
to  set  a fuze  by  one  burst  of  pulses  immediately  outside  the 
gun  tube.  Prototype  transmitter  was  developed  with  Doppler 
radar  to  determine  instant  of  muzzle  exit  and  with  future 
capability  of  supplying  muzzle  velocity  data.  Beehive  elec- 
tronic fuze  components  were  successfully  used  in  a remote-set 
system.  RF  attenuation  tests  verified  the  signal  could  be 
transmitted  before  interference  from  howitzer  produced  gun 
gas  cloud  inhibited  the  signal.  Ballistic  tests  conducted 
with  a 105mm  Howitzer  showed  the  remote-set  system  informa- 
tion link  operated  as  expected. 

3.  2.75"  Rocket  Remote-Set  Fuze  utilized  artillery 
remote-set  technology  for  rocket  ordnance.  Modifications 
were  made  to  adapt  the  fuze  for  operation  in  a low-g  environ- 
ment. Four  (4)  of  five  (5)  test  shots  were  effective  and 
demonstrated  the  feasibility  of  the  remote-set  system  in 
rocket  fuzes.  Hardware  to  implement  a multi-option  remote- 
set  fuze  was  developed  and  successfully  tested  in  the  lab- 
oratory. 

Additional  areas  have  been  investigated  during  Advanced 
Development.  These  were  directly  applicable  to  a tank  envi- 
ronment but  also  supplied  information  for  other  applications. 

The  first  area  dealt  with  the  fireball  which  forms 
when  the  gun  is  fired.  To  determine  how  this  might  effect 
the  RF  remote  setting,  an  extensive  test  program  was  con- 
ducted to  measure  the  level  and  timing  of  the  RF  attenuation 
resulting  from  the  fireball.  This  effort  is  documented  in 
the  report  "R.F.  Remote  Set  Fuzing  Test  and  Analysis"  by 
M.D.  Egtvedt  et.al.,  December  1976  under  contract  DAAA-21-76- 
C-0241.  Briefly,  the  primary  conclusion  is  "close-in  communi- 
cation to  Remote  Set  fuzes  fired  from  an  M68  tank  cannon  can 
be  realized." 

A second  investigation  was  performed  to  assess  the 
vulnerability  of  the  RFRS  system  to  radio  frequency  inter- 
ference (RFI) both  intentional  (jamming)  and  unintentional. 
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A study  was  performed  by  Quest  Research  Corporation  under 
contract  DAAA-21-76-C-0145.  The  final  report  (S)  "Vulnerability 
of  the  RF  Remote  Set  Fuze  System  to  RFI  and  ECM(U),"  October 
1976  basically  states  that  jamming  of  the  RFRS  system  is 
very  impractical  and  unintentional  interference  is  extremely 
unlikely. 

An  effectiveness  study  is  presently  underway  to  evalu- 
ate the  RF  remote-set  fuzing  system  when  utilized  by  a tank 
engaging  an  attacking  helicopter.  This  study  will  be 
attached  as  an  appendix  to  che  draft  LOA  which  is  presently 
being  staffed. 

D3-3  Anticipated  Design 

Since  the  RF  information  link  is  the  heart  of  the  RF 
remote-set  Fuzing  system,  the  main  components  of  this  link, 

(the  transmitter  and  receiver)  can  be  virtually  identical 
for  all  system  applications. 

Transmitter 

Characteristics  s Freauencv:  X band  or  Ku  band 

Power:  1-10  watts 
Antenna  type:  Stripline,  exter- 
nally mounted,  4"x4"x0.5" 

Transmitter  type:  IMP ATT  or  Gunn 
Diode 

Connection  to  control:  3 con- 
ductor cable 


mm 


This  transmitter  would  be  rugged,  small,  solid  state 
and  easily  installed  in  either  a new  weapon  system  or  retro- 
fitted into  an  existing  weapon  system.  Full  utilization 
would  be  made  of  the  circuitry  already  available  in  the  fire 
control  system  to  provide  the  transmitter  with  an  appropriate 
signal  for  transmission.  System  capabilities  could  include 
Doppler  radar  for  detection  of  projectile  muzzle  exit  and 
for  determination  of  projectile  muzzle  velocity  for  use  as 
a factor  in  determination  of  fuze  function  time  if  desired. 

A small,  flat,  simple  and  extremely  rugged  stripline  antenna 
would  be  mounted  on  the  weapon  platform  with  connection  to 
the  transmitter  via  coaxial  cable.  It  is  estimated  that  a 
transmitter  can  be  packaged  in  a 7"  x 7"  x 3.5"  container 
at  a cost  of  $1,000  - $1500,  (excluding  installation).  Costs 
would  be  comparable  for  installation  in  other  weapon  systems 
which  include  a ballistic  computer  as  part  of  the  fire 
control  system. 

Receiver 


Characteristics:  Frequency:  X band  or  Ku  band 

Antenna:  located  within  fuze 

dimensions 

Detector  type:  RF  diode 
Signal  amplification:  Operational 
amplifier 

Gating  and  output  circuitry:  CMOS 
Power  required:  20,000  ergs  from 
fuze  power  supply 


Block  Diagram: 
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Components  and  techniques  already  proven  in  the  XM742 
Beehive  Electronic  Fuze  will  be  utilized  for  receiver  elec- 
tronics. A custom  integrated  circuit  will  be  developed  to 
perform  necessary  receiver  functions  including  low  level 
signal  amplification,  signal  processing  and  interface  with 
fuze  electronics. 

Fuze 

The  fuze  electronics  will  be  similar  to  those  in  the 
XM742  and  will  consist  of  the  following: 

1.  Power  Supply — It  will  be  a setback  generator. 

Electrical  energy  will  be  generated  when  the  round  is  fired 
and  stored  in  a capacitor.  It  has  a very  fast  rise  time, 
and  is  extremely  rugged.  Setback  generators  have  been  fired 
successfully  in  105mm  guns,  152mm  guns  and  in  2.75"  rockets 
and  provide  sufficient  energy. 

2.  Oscillator — A crystal  oscillator  or  LC  oscilla- 
tor will  be  used.  Either  will  be  low  cost,  consume  very 
little  electrical  energy,  be  very  accurate  and  occupy  a small 
volume.  The  LC  oscillator  has  been  proven  in  the  XM742  while 
the  crystal  oscillator  is  being  mass  produced  for  digital 
watches. 

3.  Logic  and  timing  circuits — These  will  be  on  one 
CMOS  (complementary  metal  oxide  semiconductor)  integrated 
circuit.  This  type  of  IC  has  been  used  usccessfully  in  many 
fuze  programs  and  is  compatible  with  both  oscillators. 

D3-4  Features 

Features  of  the  RF  Remote-Set  system  include: 

1.  Hand  setting  of  the  fuze  is  eliminated.  This 
results  in  a faster  response  time  and  an  increased  firing 
rate. 

I 

2.  Fuze  setting  will  be  accurate  and  dependable. 

Under  battlefield  conditions,  potential  human  setting  error 
will  be  reduced. 


3.  RF  remote-set  fuzing  will  be  reliable.  This  is 
due  to  the  use  of  the  extremely  short  distance  over  which 


the  signal  must  be  transmitted,  and  careful  choice  of  cir- 
cuitry and  operating  frequency.  A monitor  circuit  in  the 
transmitter  will  verify  that  a setting  signal  has  actually 
been  sent. 

4.  Fuze  will  be  set  with  the  most  up-to-date  informa- 
tion. The  laser  range-finder  which  accurately  locates  the 
target  distance  will  provide  an  input  to  the  ballistic  com- 
puter. This,  in  addition  to  other  system  variables,  will 

be  utilized  by  the  computer  to  determine  the  proper  fuze 
setting.  Setting  actually  occurs  after  the  weapon  is  fired. 

5.  Doppler  radar  capability  could  be  incorporated 
into  the  RF  remote-set  fuzing  system.  This  could  be  used 
to  accurately  determine  the  muzzle  velocity.  Corrections 
due  to  muzzle  velocity  variations  could  be  included  in  the 
transmitted  setting  data  if  desired. 

6.  RF  remote-set  system  could  be  used  with  a multi- 
purpose round.  Coded  data  can  be  transmitted  to  determine 
type  of  fuze  functioning  (superquick,  delay  after  impact, 
airburst,  etc. ) as  well  as  the  time  of  fuze  functioning. 

7.  Fuze  contains  a back-up  setting  device.  This 
will  provide  a means  to  manually  set  the  fuze  if  desired. 

8.  Remote-set  fuze  is  obtained  by  adding  a receiver 
to  the  Beehive  Electronic  Fuze  being  developed  by  ARRADCOM. 
This  digital  fuze  is  designed  for  high  reliability  and 
accuracy.  It  utilizes  an  LC  oscillator,  A CMOS  integrated 
circuit,  a tape  encoder,  and  a setback  generator. 

9.  A Countermeasures/Interference  Study  has  con- 

cluded that  jamming  the  RF  remote-set  fuzing  system  is  im- 
practical and  interference  is  virtually  impossible.  (Ref- 
erence: (S)  Vulnerability  of  the  Remote  Set  System  to  RF 

Interference  and  Countermeasures  (U)  by  Quest  Research 
Corp.  Oct  1976.) 

10.  Remote-set  fuzing  system  will  be  low  cost.  The 
estimated  cost  of  the  fuze  will  be  between  $62  and  $67  each 
in  quantities  of  50,000.  The  cost  of  each  transmitter/con- 
trol unit,  which  will  be  integrated  into  the  fire  control 
system  is  $1,000  - $1,500,  excluding  installation. 
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11.  No  modifications  to  any  existing  gun,  launcher 

or  projectile  are  required  to  implement  RF  remote-set  fuzing. 
Existing  munitions  can  be  retrofitted  by  simply  changing  the 
fuze. 

12.  Installation  of  the  RF  remote-set  transmitter 

into  a vehicle  requires  few  connections  to  vehicles'  systems. 
Connections  to  power,  fire  control  system,  and  a small,  ex- 
ternally mounted  antenna  are  required. 

13.  RF  remote-set  system  is  universal.  The  same 
basic  transmitter  and  receiver  could  be  used  for  the  follow- 
ing weapons  systems:  armor,  artillery,  rockets,  missiles 
and  aircraft. 

14.  RF  remote-set  system  is  well  within  the  state-of- 
the-art  of  solid  state  microwave  technology. 

15.  RF  receiver  occupies  a small  volume  in  fuze. 

16.  The  RF  link  has  the  potential  for  very  high  data 
rates. 
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D4.  SHIP  PROJECTILES 


D4-1.  At  present,  remote  setting  of  projectile  fuzes  on  ships 
is  accomplished  mechanically.  Typically,  the  fuze  setter 
is  located  on  a handling  tray,  and  prior  to  the  round  leaving 
the  tray  and  being  positioned  for  ramming  into  the  breech, 
the  fuze  setter  extends  over  the  fuze  and  rotates  the  fuze 
nose  cap  to  the  setting  determined  by  the  fire  control  com- 
puter. An  example  of  this  setter  is  the  MK27  or  MK30  fuze 
setter  used  on  the  5"/54  MK42  gun  mount.  A complete  descrip- 
tion of  this  gun  system  is  contained  in  NAVORD  OP  3851. 

D4-2,  In  addition  to  mechanical  fuze  setters,  the  Navy  has 
under  advanced  development  (6.3  funding  level)  an  inductive 
fuze  setter  for  programming  the  5"  and  8"  guided  projectiles. 
This  inductive  fuze  setter  is  being  developed  for  the  Navy 
by  HDL.  Basically,  the  inductive  link  consists  of  a primary 
transmit  coil  which  can  be  mounted  directly  on  the  existing 
mechanical  fuze  setter  (e.g.,  MK27/30) . A secondary  (receiver) 
coil  is  wound  inside  the  guided  projectile  fuze.  Power  for 
data  storage  and  26  bits  of  data  are  transferred  to  the  fuze 
by  pulse  width  modulating  a 100  kHz  carrier.  Verification 
of  the  received  message  is  accomplished  by  alternately  open- 
ing and  shorting  the  fuze  coil  at  a 4 kHz  rate;  the  pulse 
width  of  the  4 kHz  signal  is  modulated  according  to  the 
stored  data  message.  This  signal  is  reflected  at  the  trans- 
mit coil  and  can  be  decoded  and  compared  to  the  message 
originally  sent  to  the  fuze.  A complete  description  of  the 
fuze  setter  is  contained  in  the  appendices. 

D4-3.  Primarily,  the  inductive  fuze  setter  was  selected  for 
development  as  the  5"  guided  projectile  fuze  communication 
link.  This  decision  was  based  upon  system  design  require- 
ments and  objectives.  Prior  to  selection  of  the  inductive 
setter,  two  other  fuze  setter  technologies  were  also  analyzed 
and  evaluated  for  potential  application.  An  rf  system, 
although  technically  feasible,  was  rejected  owing  to  its  in- 
compatibility with  existing  shipboard  rf  and  radar  systems. 

Also  considered  was  the  optical  projectile  fuze  communication 
link  then  under  exploratory  development  at  NSWC/WOL.  This 
system  was  rejected  in  favor  of  the  inductive  fuze  setter 
proposed  by  HDL.  Although  feasibility  of  the  optical  fuze 
setter  had  been  established  and  a working  engineering  model 
fabricated  and  demonstrated,  a suitable  location  for  the 
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optical  sensors  on  the  guided  projectile  body  could  not  be 
established.  The  photo-cells  would  have  had  to  have  been 
positioned  on  the  axis  of  the  projectile  to  avoid  a require- 
ment for  rotational  positioning  of  the  projectile.  However, 
the  nose  of  the  projectile  was  to  contain  the  laser  seeker 
and  the  rear  of  the  projectile  was  not  accessible.  This 
problem  was  determined  to  present  a significant  engineering 
risk.  In  addition,  the  cost  of  an  optically  programmable 
fuze  was  projected  to  be  greater  than  the  relative  cost  of 
a magnetically  settable  fuze.  Consequently,  the  HDL  induc- 
tive fuze  setter  was  decided  upon  for  advanced  development. 

It  should  be  noted  that  the  Navy  chose  to  adopt  a fuze  setter 
technology  developed  by  the  Army  for  2.75"  rockets  rather 
than  to  proceed  to  advanced  development  with  the  Navy  optical 
setter. 

D4-4.  In  regard  to  development  of  future  Navy  projectile 
fuzes,  a description  of  two  on-going  efforts  is  contained  in 
the  appendices — Programmable  Projectile  Fuze  and  8"  Projec- 
tile Fuzing.  Fuzes  to  be  developed  under  these  programs  will 
be  settable  by  the  inductive  link  being  developed  for  the 
guided  projectile.  This  decision  was  based  upon  a thorough 
analysis  of  Navy  requirements  and  system  considerations. 

Prior  to  this  decision,  the  other  alternate  areas  of  tech- 
nology designated  as  "applicable"  to  shipboard  projectile 
fuze  setting  were  evaluated.  These  were  rf,  hardwire, 
optical,  and  acoustic.  Two  significant  advantages  of  the 
inductive  link  over  the  other  systems  were  apparent.  One, 
the  inductive  system  was  being  developed  for  the  guided  pro- 
jectile and  would  be  required  on  5"  and  8"  gun  mounts.  By 
utilizing  the  inductive  setter  for  both  guided  and  standard 
ammunition  fuzes,  the  Navy  would  be  able  to  utilize  a single 
setter  which  would  be  common  to  both  the  5"  and  8"  gun  sys- 
tems and  would  be  compatible  with  3"  and  76mm  gunnery  systems. 
The  Navy  would  then  have  the  potential  for  a single  remote 
setter  common  to  all  gun  systems  with  programmable  fuzing 
capability.  The  reduced  developmental  and  procurement  costs, 
simplified  logistics,  and  resultant  savings  in  maintenance 
requirements  are  obvious  benefits  of  a single  setter.  The 
fact  that  the  multi-option  remotely  programmable  fuze  (i.e., 
Programmable  Projectile  Fuze)  will  utilize  this  setter  and 
be  certified  for  76mm,  3",  5"  and  8"  guns  makes  a single 
setter  for  these  gun  systems  more  attractive.  The  prolifer- 
ation of  fuzes,  presently  necessary  to  meet  the  different 
required  gun  target  capabilities,  would  also  be  significantly 
reduced. 
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D4-5.  The  second  advantage  of  the  inductive  link  was  the 
minimal  modification  to  present  mechanical  fuze  setters  re- 
quired to  install  this  setter.  The  transmit  coil  is  bolted 
on  to  the  existing  setter  face.  It  does  not  interfere  with 
or  require  that  modification  be  made  to  the  operation  of  the 
existing  setter.  Assuming  any  setter  which  would  supplant 
the  mechanical  setter  would  be  approximately  equal  in  fire 
control  interface  requirements,  the  inductive  system  can  be 
most  readily  implemented  in  comparison  with  the  optical, 
acoustic,  rf,  and  hardwire  systems.  A summary  of  the  evalua- 
tion of  each  of  these  setters  and  its  deficiencies  relative 
to  the  inductive  setter  in  meeting  system  requirements 
follows. 

D4-6.  The  acoustic  communication  link  investigated  by  HDL 
in  exploratory  development  and  currently  unfunded  would  not 
be  acceptable  for  ship  projectile  fuze  setting  for  two  rea- 
sons. One,  the  time  required  for  power  transmission  (1-2 
seconds)  would  not  be  compatible  with  the  firing  rate  of 
either  the  5"/54  MK42  or  76mm/62  MK75  gun  systems.  In 
addition,  no  transducer  presently  exists  with  a sufficiently 
broad  enough  band  width  to  make  this  system  feasible. 

D4-7.  The  rf  remote  fuze  setter  in  advanced  development  at 
ARRADCOM  for  tank  gun  application  is  described  in  the  appen- 
dices. This  system  was  rejected  primarily  due  to  the  inter- 
ference it  might  encounter  in  the  shipboard  rf  environment. 
Furthermore,  the  capability  of  this  system  to  function 
through  the  ionized  cloud  generated  by  5"  or  8"  gun  blasts 
have  not  been  determined.  These  gun  systems  could  present 
a more  severe  environment  than  that  generated  by  a 105mm 
tank  gun.  The  adaption  of  this  technology  to  shipboard  gun 
systems  was  deemed  a high  risk  effort. 

D4-8.  Optical  remote  fuze  setting  technology  was  investigated 
under  exploratory  development  at  NSWC/WOL  as  previously 
stated.  The  utilization  of  the  inductive  fuze  setter  for 
guided  projectiles  precluded  further  development  of  a separ- 
ate setter  for  the  Programmable  Projectile  Fuze. 

D4-9.  Hardwire  remote-set  fuze  technology  has  also  been  des- 
ignated as  applicable  for  ship  projectiles.  Specifically, 
the  XM587/XM724  electronic  time  fuze  under  development  by 
HDL  has  been  proposed  for  utilization  in  Naval  gun  systems. 
The  XM587/XM724  fuze  is  set  with  the  XM36E1  fuze  setter. 
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This  setter  requires  the  operator  to  dial  in  the  desired  fuze 
function  time  (or  PD)  using  thumbwheel  switches.  The  setter 
is  then  manually  placed  over  the  projectile  and  electrical 
contact  is  made  between  pins  located  in  the  setter  and  three 
concentric  circular  contacts  on  the  nose  of  the  fuze.  A 
complete  description  of  the  XM36E1  is  contained  in  HDL-CR-75- 
228-1,  Development,  Fabrication  and  Test  of  XM36E1  Fuze  Setter; 
A.  R.  Kolanjian,  N.  L.  Sims;  November  1975.  The  setter 
proposed  for  use  in  Naval  gun  mounts  would  be  modification 
of  the  XM36E1  manual  setter.  Inputs  to  the  setter  would  be 
determined  by  the  fire  control  computer;  a mechanical  means 
of  positioning  the  contacts  over  the  fuze  would  have  to  be 
developed.  This  last  requirement  is  one  of  several  signifi- 
cant reasons  the  XM587/XM724  was  rejected  for  Navy  use.  It 
is  highly  improbable  that  a modified  XM36E1  could  be  devel- 
oped which  would  be  compatible  with  the  existing  Mk27/30 
mechanical  fuze  setting  system.  Other  considerations  leading 
to  the  rejection  of  this  setter  include: 

a.  Development  of  a modified  XM36E1  would  then  re- 
quire that  Naval  gun  systems  be  equipped  with  three  separate 
fuze  setters:  the  Mk27/30  mechanical  setter  for  fuzes  in 
the  inventory,  the  inductive  for  guided  projectiles,  and  the 
XM36E1  for  the  XM587/XM724  time  fuze.  A separate  fire 
control  interface  unit  would  also  have  to  be  developed  for 
the  XM36E1.  The  increased  developmental  costs  for  the  setter 
for  the  XM587/XM724  fuze  together  with  the  logistical  burden 
and  resultant  life  cycle  cost  increase  introduced  by  requir- 
ing three  separate  fuze  setters  per  gun  mount  does  not  appear 
economically  sound  since  a time  function  will  be  incorporated 
in  the  Programmable  Projectile  Fuze. 

b.  A further  objection  to  adopting  the  XM36E1  for 
ship  projectile  fuze  setting  is  the  time  required  by  the 
setter.  The  XM36E1  requires  1.078  seconds  to  set  the  XM587/ 
XM724  to  199.9  seconds  and  .765  second  to  set  a 100  second 
option.  The  5"/54  Mk42  and  Mk45  gun  mounts  allow  only  .82 
second  for  fuze  setting  at  their  maximum  rate  of  fire 
(approximately  40  rounds  per  minute) . The  76mm/62  Mk  75  Mod 
O and  1 OTO  MELARA  has  only  .51  second  available  for  fuze 
setting  at  80  rounds  per  minute.  Incorporating  the  XM36E1 
setter  in  these  gun  mounts  would  impose  a serious  limitation 
on  the  capability  of  the  76mm/62,  and  slight  limitation  on 
the  capability  of  the  5"/54  gun  mounts. 
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c.  The  potential  for  contamination  of  the  contacts 
both  on  the  fuze  and  setter  poses  a serious  problem.  Since 
Navy  fuzes  are  installed  in  projectiles  and  stored  in  drums, 
corrosion  due  to  salt  spray  could  render  them  inoperable. 

A protective  coating  may  overcome  this,  however,  the  same 
corrosion  problem  on  the  setter  contacts  is  more  serious. 

These  contacts  would  be  in  continuous  use  and  a protective 
coating  would  be  worn  off.  The  setter  contacts  would  con- 
stitute considerable  engineering  and  maintenance  problems. 

d.  The  XM587/XM724  fuze  does  not  meet  MIL-STD-1316 

Navy  requirements  for  a Safe-Arm  Indication  or  anti-malassembly 
feature;  it  does  not  meet  MIL-STD-1316B  Army  or  Navy  require- 
ments for  a Safe-Arm  Option  or  anti-malassembly  feature. 

Section  4.4.1  or  MIL-STD-1316B  states  that  a fuze  must  possess 
an  option  which  (1)  prevents  assembling  the  fuze  in  armed 
or  partially  armed  condition,  (2)  prevents  installation  of 
an  armed  assembled  fuze  into  the  munition,  or  (3)  assures  a 
positive  means  of  determining  the  safe  condition  of  the  fuze. 
The  XM587/XM724  has  none  of  these  options. 


D4-10.  In  summary,  present  Navy  remote  setting  of  fuzes  is 
accomplished  mechanically.  The  development  of  the  guided 
projectile  (which  could  not  utilize  the  mechanical  setter 
due  to  seeker  location  on  the  nose  and  power  requirements 
before  firing)  necessitated  the  development  of  a new  setter. 
Two  separate  setters  were  proposed  for  the  guided  projectile. 
The  HDL  inductive  setter  based  on  technology  developed  for 
setting  2.75"  rockets  was  selected  for  advanced  development 
over  the  NSWC/WOL  optical  remote  setter.  Two  ongoing  Navy 
projectile  fuze  development  programs  will  utilize  the  guided 
projectile  inductive  setter.  Since  this  inductive  fuze  setter 
is  completely  compatible  with  the  existing  mechanical  setter, 
a smooth  transition  from  inventory  fuzes  to  newer,  improved, 
modernized  fuzes  will  be  accomplished  with  a minimum  of  im- 
pact with  no  loss  or  modification  of  present  capabilities. 
Remote  fuze  setters  developed  for  other  than  ship  projectiles 
were  evaluated  and  found  to  have  significant  disadvantages 
relative  to  the  inductive  setter  in  regard  to  Navy  gun  system 
requirements.  In  regard  to  duplication  of  effort  in  develop- 
ment of  remote  fuze  setters,  present  Navy  policy  is  that  a 
single  setter  (i.e.,  the  HDL  inductive  setter)  will  be 
utilized  by  remotely  settable  projectile  fuzes  under  develop- 


D-2  3 


D.5  DEVELOPMENT  FUZES  FOR  HELICOPTER  ROCKETS 


Nap-of-the-earth  helicopter  tactics  necessitate  rapid  en- 
gagement of  the  enemy  at  various  ranges,  preferably  outside 
the  range  of  air  defense  weapons.  Remote-set  fuzing  will, 
when  used  with  a Stores  Management/Fire  Control  System  (SM/FCS) , 
allow  the  capabilities  of  the  2.75-in.  rocket  to  be  utilized 
fully,  thus  increasing  the  survivability  and  effectiveness 
of  attack  helicopters.  A time  fuze  will  be  used  with  any  of 
the  cargo  warheads  presently  under  development,  including 
multi-purpose  submunition,  smoke,  illumination,  and  flechette. 
When  an  HE  warhead  would  be  more  effective  against  the  target 
encountered,  the  pilot  will  select  rockets  with  Multi-option 
(MO)  fuzes.  The  options  required  in  an  MO  fuze  are:  impact 
and  delay  after  impact  while  a proximity  sensor  option  is 
desired.  These  two  fuzes  would  be  the  only  ones  necessary 
for  any  tactical  situation  (if  the  proximity  sensor  is  incor- 
porated) , thus  reducing  the  number  of  fuzes  which  need  to  be 
stockpiled  in  the  inventory.  However,  the  cost  effectiveness 
of  including  proximity  option  when  not  needed,  must  be  con- 
sidered. 

The  components  of  the  rocket  weapons  system  used  in  the 
Advanced  Attack  Helicopter  (AAH)  are  the  following:  Inputs 
from  a laser  range  finder  and  other  sensors  are  used  by  the 
fire  control  computer  to  solve  the  ballistic  equation  and  to 
provide  a digital  representation  of  the  time  to  function  over 
the  target.  A setter,  which  will  be  located  in  the  SM/  FCS, 
relays  these  time  data  from  the  computer  to  the  time  fuze  by 
coupling  through  a data  link.  If  a fire  control  system  is 
not  available,  the  gunner's  estimate  of  the  range  to  target 
may  be  set  manually.  The  M/0  fuze  is  also  set  manually  from 
the  setter  panel  by  the  gunner  from  his  estimate  of  the  most 
effective  fuze  mode.  When  canopy  or  bunker  delay  is  selected, 
the  tree  height  or  bunker  thickness  is  estimated,  and  this 
estimate  is  transmitted  to  the  fuze  through  the  setter. 

Early  effort  at  HDL  on  a data  link  for  the  2.75-in.  rocket, 
which  would  eliminate  hard  wire  connections,  concentrated  on 
an  acoustic  system.  This  system  used  a high  power  transmitter 
from  a commercial  ultrasonic  welder,  and  a crystal  receiver 
taken  from  a phonograph  cartridge.  The  power  transferred 
between  transmitter  and  receiver  was  adequate  when  good 
mechanical  contact  was  made  between  the  rocket  and  the 


i 


J 


D-24 


launcher.  The  main  drawback  of  the  system  was  that  the  data 
transfer  rate  was  too  slow  for  the  up/down  counter  timing 
scheme  used  in  the  HDL  fuze  design.  For  this  reason,  the 
inductive  data  link  was  pursued  at  HDL  as  the  preferred 
method. 

An  optical  data  link  has  not  been  developed  for  the 
2.75-in.  rocket,  but  could  be  considered  as  a possible  candi- 
date. An  optical  system,  such  as  that  proposed  for  the  Navy 
DIMAMS  SM/RS  system,  would  use  either  fiber  optic  or  LED 
emitters,  and  photodiode  or  CCD  type  detectors.  One  problem 
in  using  an  optical  system  for  rockets  would  be  that  either 
the  rocket  would. have  to  be  oriented  properly  in  the  launcher 
tube,  or  the  receiver  would  have  to  be  sensitive  around  the 
entire  circumference  of  the  rocket.  Another  problem  is  in 
supplying  power  to  the  electronics  before  the  rocket  exits 
the  launcher  tube.  An  optical  system  would  have  to  go  through 
considerable  development  before  it  could  be  used  with  the 
2.75-in.  rocket. 

The  inductive  data  link  and  the  rf  data  link  were  devel- 
oped by  HDL  and  PA,  respectively,  as  part  of  competing  remote- 
set  fuze  systems  for  the  2.75-in.  rocket,  and  the  HDL  fuze 
system  was  chosen.  It  is  probable  that  either  data  link  would 
perform  equally  well  in  the  field.  (HDL  had  proposed  an  in- 
depth  technical  study  of  all  possible  data  links,  but  funds 
for  this  were  deleted.)  Both  systems  meet  the  requirements 
of  data  transfer  rate  and  setting  reliability,  while  neither 
system  has  a return  link  to  verify  data.  The  inductive  link 
includes  power  transfer  to  supply  voltage  to  the  fuze  elec- 
tronics, and  an  airstream  generator  is  needed  to  supplement 
this  induced  power  for  fuze  operation.  One  advantage  of  the 
inductive  link  is  that  the  transmitting  field  is  very  local- 
ized. A localized  transmitting  field  means  that  no  counter- 
measure problems  of  crosstalk  between  helicopter  need  to  be 
considered.  The  disadvantage  of  the  inductive  link  is  that 
the  transmitter  coil  would  have  to  be  included  in  every 
launcher , adding  to  the  system  cost.  In  the  case  of  stockpiled 
launchers,  a new  front  bulkhead  containing  the  coil  would  be 
retro-fitted,  while  for  the  lightweight  launcher  presently 
under  development,  the  coil  would  be  molded  into  the  front 
of  the  launcher. 

The  primary  advantage  of  the  rf  data  link  is  that  no 
additional  components  are  added  to  the  launcher.  Two  strip- 
line antennas,  one  on  each  side  of  the  helicopter  would 
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transmit  a narrow  width  X-band  beam  which  would  intercept  the 
rockets  after  they  had  been  launched  and  had  traveled  about 
3-6m.  Holes  must  be  cut  in  the  helicopter  nose  section,  but 
this  is  not  anticipated  to  be  a problem.  A disadvantage  of 
the  system  is  that  there  is  a detectable  radiation  signature. 
However,  since  the  transmitter  would  only  be  on  for  a short 
time,  and  the  beam  is  directed  sideways,  the  possibility  that 
the  helicopter  would  be  detected  only  from  the  rf  data  link 
is  remote.  Cross  setting  of  fuzes  where  the  data  from  one 
helicopter  sets  the  fuze  fired  from  another  helicopter  is  a 
possibility  which  must  be  considered,  but  can  probably  be 
designed  to  preclude  this. 


In  summary,  the  inductive  link  is  a leading  candidate 
for  a non-hardwire  data  link  primarily  because  the  HDL  system 
was  chosen  to  go  into  6.3  Advanced  Development,  while  the  rf 
system  would  also  meet  the  performance  requirements.  The 
acoustic  and  optical  systems  would  only  be  considered  if  some 
technical  breakthrough  was  made  which  gave  one  of  them  a 
significant  advantage  over  the  other  data  links. 
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D.6  GROUND-TO-GROUND  ROCKETS: 


GSRS 


Description  of  Work:  GSRS  is  a multiple  rocket  launcher 
system  intended  to  support  cannon  artillery  in  surge  condi- 
tions by  rapid  delivery  of  large  numbers  of  approximately  8 
inch  free  flight  rockets.  The  system  includes  a self-propelled 
tracked  vehicle  incorporating  a sophisticated  aiming  system 
which  helps  to  achieve  excellent  accuracy  for  a free  flight 
unguided  rocket. 

The  rockets  will  be  contained  in  two  6-round  expendable 
pods  which  can  be  rapidly  replaced  after  the  rounds  are  fired. 
The  throwaway  launcher  pods  also  serve  as  shipping  containers 
so  that  a full  complement  of  six  rockets  with  fuzes  is  loaded 
into  the  pod  at  the  factory,  facilitating  a hardwire  data  link 
and  precluding  the  reloading  of  each  pod.  The  principal  war- 
head concept  is  a canister  containing  a large  number  of  dual 
purpose  HE  submunitions.  This  warhead  requires  a time  fuze 
to  initiate  dispersal  of  the  submunitions  at  the  proper 
altitude.  Other  warheads  being  considered  include  chemical, 
smoke,  scatterable  mines  and  passive  terminal  guided  submuni- 
tions . 

Three  types  of  remote  setting  schemes  were  considered 
appropriate  for  GSRS  (Ref,  chart  generated  at  3 Mar  1977  meet- 
ing) . These  include  hardwire,  RF,  and  inductive  data  links. 
Hardwire  was  chosen  for  this  application  because  schedule  risk 
was  a prime  system  consideration  and  an  existing  (XM587/724) 
fuze  design  was  proposed. 

There  were  two  hardwire  approaches  suggested,  one  based 
on  the  XM587/724  Time  Fuze,  and  a second  based  on  the  XM742 
Beehive  Fuze  technology.  The  XM587/724  utilizes  an  MNOS 
counter/memory  with  PMOS  logic  control  functions.  In  the 
final  design  three  IC  packages  will  be  used.  One  will  be  the 
PMOS/MNOS  counter  and  memory,  the  second  will  be  the  time  base 
oscillator  and  the  third,  the  interface  circuitry  which  allows 
two-way  communication  with  the  fuze. 

Advantages  of  the  XM587/724  design  are  that  memory  is 
non-volatile  allowing  preset  and  check  of  all  fuzes  on  the 
launcher  before  the  launch  cycle  is  initiated  and  that  the 
permanent  memory  allows  a complete  check  of  the  fuze  includ- 
ing the  timing  cycle  so  that  both  the  memory  and  the  counter 
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are  checked  prior  to  launch.  The  setting  scheme  uses  a time 
window  which  provides  calibration  of  the  fuze  time  base  at 
launch  and  also  resolves  any  variations  due  to  temperature 
and  long  term  storage.  The  XM587/724  utilizes  a twin-T 
oscillator  designed  so  that  single  point  failure  modes  result 
in  a "fail  long"  function  which  enhances  overhead  safety. 

The  XM587/724  uses  a positive  control  signal — fuze  power 
to  control  the  setting  in  fast  time  vs.  running  in  real  time. 
Capacitor  power  supplies  must  rely  on  some  switch  function 
after  launch  to  provide  a control  signal.  This  may  lead  to 
down  range  safety  problems  in  the  event  of  failure. 

There  are  two  disadvantages  of  the  XM587/724.  One  is 
that  the  current  design  requires  three  IC/hybrid  packages. 

The  estimated  production  cost  of  these  three  together  is 
approximately  ten  dollars.  A more  complex  single  chip  design 
would  result  in  perhaps  a four  to  five  dollar  chip  cost. 

The  second  disadvantage  is  that  the  existing  design  operates 
at  approximately  20  ma  at  24v  which  requires  using  a fluidic 
or  chemical  power  supply  rather  than  a charged  capacitor 
(although  there  is  risk  in  using  a charge  capacitor  for  long 
flights) . However,  the  fluidic  power  supply  may  only  cost 
$3  to  $4,  somewhat  less  than  the  required  high  quality 
capacitor,  while  the  generator  provides  flexibility  with  its 
capability  for  long  flights  and  other  functions  which  may 
require  higher  power. 

The  second  hardwire  fuze  approach  was  proposed  by 
ARRADCOM  for  GSRS.  This  is  a single  chip  CMOS  digital  timer 
powered  by  a charged  capacitor.  The  time  base  is  a crystal 
tuning  fork  oscillator.  A three  wire  cable  provides  power 
and  allows  check  of  S&A  safety  status,  fuze  setting  and  ver- 
ification. To  set  the  fuze,  pulses  are  transmitted  which  are 
counted  by  the  fuze.  This  count  state  is  read  by  a shift 
register  and  transmitter  back  to  the  setter. 

Advantages  of  this  system  include  use  of  a single  chip 
CMOS  counter  which  may  lead  to  lower  cost  as  stated  above  and 
may  allow  use  of  a charged  capacitor  power  supply.  This  of 
course  results  in  a somewhat  simpler  design.  In  addition, 
CMOS  technology  has  a broader  production  base  than  MNOS  at 
this  time. 

Disadvantages  of  the  system  for  GSRS  application  lies 
principally  in  the  risk  in  meeting  the  schedule  with  a new 


IC  and  a new  design  concept.  The  use  of  a charged  capacitor 
power  supply  has  not  yet  been  proven  for  the  long  flight 
times — so  far  it  has  been  demonstrated  up  to  25  sec.  The 
verification  scheme  utilized  for  this  approach  does  not  test 
the  counter  as  completely  as  the  XM587/724  scheme  in  that  a 
complete  count  is  not  made  after  setting.  Obviously,  some 
other  verification  scheme  could  be  chosen  but  was  not 
suggested  for  the  ARRADCOM  approach. 

An  inductive  data  link  is  also  considered  a viable 
approach.  This  was  intially  discarded  for  GSRS  because  of 
risk.  The  fuze  design  for  XM587/724  was  well  established 
while  the  5 Inch  Data  Link  and  XM444  (2.75  Inch  Rocket  Fuze) 
were  just  entering  6.3.  Using  a hardwire  link  was  also  con- 
sidered a safer  approach  for  GSRS.  A verification  scheme  was 
not  used  with  the  XM444  although  verification  was  developed 
for  the  5 Inch  Data  Link  program. 

The  inductive  link  system  is  capable  of  setting  and 
verifying  a fuze  with  no  hard  connections.  For  GSRS  the 
coupling  problem  is  greatly  simplified  and  would  be  highly 
reliable  because  a setting  coil  can  be  imbedded  in  the  fiber- 
glass launcher  around  each  tube  if  necessary,  and  can  be 
located  coplanar  with  the  receive  coil  to  obtain  maximum 
coupling.  There  might  be  a reliability  benefit  since  no 
connector  or  umbilical  cable  would  be  required  for  each  fuze 
and  contact  corrosion  and  damage  would  be  eliminated.  The 
general  fuze  concept  is  a one  chip  digital  CMOS  IC  using  a 
charged  capacitor  power  source  for  one  or  two  seconds  then 
powered  by  a fluidic  power  supply.  This  is  a low  voltage, 
low  current  fuze  which  would  allow  a much  smaller  fluidic 
power  with  greater  power  margin  under  worst  case  conditions. 
It  also  uses  a time  window  to  achieve  self  calibration. 

The  major  disadvantage  is  again  risk.  As  in  other 
capacitor  powered  logic,  the  switching  from  fast  time  to 
real  time  at  launch  is  a safety  consideration.  The  need  to 
provide  a setting  loop  in  the  launcher  is  not  considered  much 
of  a disadvantage. 

Since  "talk-back"  capability  is  required,  the  rf  link  is 
not  a viable  candidate  for  the  GSRS  fuze. 


D7 . GROUND-TO-GROUND  ROCKETS  - SLAMMER  VI 

The  purpose  of  the  Slammer  VI  System  is  to  provide  the 
user  with  a mobile  ground  to  ground  launch  capability,  using 
the  2.75  Inch  Rocket  System,  with  the  ability  to  rapidly 
dispense  high  rates  of  firepower.  Actual  field  use  of 
Slammer  VI  has  not  as  yet  been  established  by  the  user. 

Slammer  VI  evolved  from  a concept  and  prototype  hard- 
wire initiated  by  the  101st  Airborne  in  coordination  with 
the  2.75  Project  Manager's  Office.  The  initial  prototype. 
Slammer  II,  included  two  M200A1  19-tube  hanging  the  launchers 
on  a 1/4-ton  jeep  with  a modified  mount  for  hanging  the 
launchers  on  the  jeep.  Firing  was  accomplished  using  a 
standard  19-position  A/C  intervalometer  with  a 24-VDC  power 
supply  (2  12-VDC  jeep  batteries  in  series) . The  first  Slammer 
VI  prototype  hardware  was  built  in  answer  to  a V Corps  re- 
quirement identified  in  Sep  76.  The  V Corps  requirement  was 
initially  identified  with  the  Slammer  II  prototype  in  mind. 
However,  it  turned  out  that  Slammer  VI  contains  more  off  the 
shelf,  standard  hardware,  while  providing  three  times  the 
rocket  payload  than  Slammer  II.  Slammer  II  payload  is  38 
rounds;  Slammer  VI  payload  is  114  rounds.  To  date,  8000 
rounds  of  rockets,  using  10  lb  HE,  17  lb  HE,  WP  HEAD,  and 
inert  whds  have  been  test  fired  at  Redstone  Arsenal,  AL;  Ft. 
Bragg,  NC:  Yuma  Proving  Ground,  AZ ; Ft  Campbell,  KY,  and  Ft. 
Sill,  OK. 

The  Slammer  VI  System  consists  of  six  standard  19-tube 
M200A1  aircraft  rocket  launchers  mounted  on  a modified  M91 
Chemical  Rocket  Launcher.  Modification  to  the  M91  launcher 
affects  only  the  rocket  cluster  section.  Power  is  supplied 
by  a 24-VDC  or  2 12-VDC  batteries.  Firing  pulse  is  controlled 
through  a slightly  modified  standard  M119  Rocket  Control  and 
Display  System  (RCDS) . The  standard  M91  sight  is  used,  as 
it  is  the  traverse  and  elevation  (T&E)  mechanism  contained 
on  the  M91.  A small  remote  firing  control  box  has  been 
specially  designed  for  Slammer  VI. 

It  is  highly  probable  that  if  the  Slammer  VI  system  is 
pursued  and  fielded  by  the  Army,  system  effectiveness  will 
be  enhanced  by  using  remotely  settable  variable  time  fuzes 
to  optimize  warhead  functioning  at  the  desired  ranges.  The 
fuzes  used  would  be  the  same  fuzes  planned  for  helicopter 
launched  applications,  i.e.,  the  M433  and  M439  or  the  follow 


on  2nd  generation  XM443  and  XM444  fuzes.  The  setting  system 
used  to  set  the  fuzes  would  be  a combined  stores  management 
remote-set  fuzing  system  which  most  likely  would  be  a 
modification  of  the  systems  planned  for  use  on  the  Cobra  and 
AHH  helicopters. 


D8.  REMOTE  SET  DECOYS 

HDL  participated  in  a program  with  NRL  called  RBOC/ROC, 
since  changed  to  Sea  Gnat.  This  was  a multiple  rocket 
launcher  which  fires  short  range  5 Inch  Rockets  and  then 
functions  a decoy  warhead.  The  fuze  chosen  for  an  early 
demonstration  test  was  a single  time  fuze,  remotely  set  with 
an  inductive  link.  The  feasibility  model  fuze  had  adequate 
space  to  be  fabricated  from  standard  CMOS  IC  packages  such 
as  the  RCA  4000  series  and  was  successfully  tested.  A follow 
on  design  will  use  a single  custom  IC  to  achieve  small  size 
and  low  cost. 

The  Navy  uses  an  inductively  coupled  motor  squib  igni- 
tion circuit  to  prevent  EMI  problems.  The  squib  is  inclosed 
in  metal  housing  at  the  base  of  the  motor.  The  housing  which 
contains  the  firing  coil  protrudes  down  into  the  coil  to 
maximize  coupling  through  the  enclosed  system. 

NSWC  and  NRL  felt  that  the  inductive  data  link  would 
be  compatible  with  the  ignition  scheme,  while  using  hardwire 
connection  would  pose  a problem  in  launcher  design  and  would 
tend  to  reduce  the  EMI  resistance  of  the  system. 

Advantages  of  inductive  link  are  that  no  connection  is 
needed  after  reloading  and  the  link  can  be  shielded.  Other 
advantages  and  disadvantages  are  similar  to  those  stated  for 
the  GSRS  inductive  links. 

A question  was  raised  as  to  why  the  XM444  circuit  for 
the  2.75  Inch  rocket  was  not  selected  for  the  decoy  applica- 
tion. At  this  time  the  XM444  program  status  is  uncertain 
and  there  is  no  guarantee  that  the  XM444  IC  will  be  developed. 
That  IC  is  more  complex  and  costly  than  required  so  that  un- 
less the  XM444  were  developed,  it  would  be  an  unnecessary 
burden  to  utilize  that  IC  for  the  decoy  fuze.  We  have  started 
investigating  the  IC  developed  by  RCA  for  the  early  Beehive 
(XM742)  fuze  development.  It  seems  to  meet  most  of  our  needs 
including  operation  with  an  inductive  link  and  will  be  studied 
further.  Motorola  has  stated  they  are  redesigning  the  IC 
(they  are  the  XM742  fuze  contractor)  and  we  will  consider 
that  design  when  it  is  completed. 

The  rf  link  would  be  applicable  to  the  decoy  problem, 
but  the  effect  of  the  rf  radiation  on  board  ship  would  have 
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to  be  investigated.  The  high  rf  field  strengths  on  a typical 
combat  ship  may  saturate  the  simple  rf  receiver  used  for  the 
data  link,  effectively  preventing  communication.  Also,  the 
ship  might  have  four  to  six  launchers  (starboard,  port,  bow, 

{midships,  stern),  and  at  each  launcher  several  tubes  pointing 
in  somewhat  different  directions.  Thus,  antenna  alignment 
could  be  a problem,  unless  several  antennas  are  used. 


D9.  REMOTE-SET  FUZING  OF  UNGUIDED  BOMBS 


Remote-set  fuzing  of  air  launched  missiles  and  bombs 
is  done  through  high  voltage  actuation  of  switches  or  fuzable 
links.  The  pilot's  cockpit  selector  energizes  a relay  or 
combination  of  relays  which  each  connect  +300  volts,  -300 
volts,  +175  volts  or  -175  volts  through  the  electrical 
umbilical  cable.  The  selection  modes  are  options  of  a proxi- 
mity fuze  or  delays  or  warhead  initiation  after  impact. 

The  fuze  options  are  included  in  the  weapon  to  optimize 
the  warhead  effectiveness  against  a variety  of  soft  and  hard- 
ened targets.  The  remote-set  capability  allows  the  pilot  to 
select  the  fuze  function  which  will  most  effectively  destroy 
the  targets  as  he  engages  them  in  the  combat  area.  *1.  e four 
common  selections  are  instantaneous,  short  delay,  long  delay 
and  proximity.  The  proximity  fuze  detonates  the  warhead  at 
a factory-set  predetermined  height  above  the  target.  The 
proximity  fuze  option  is  used  against  very  soft  surface  tar- 
gets such  as  radar  dishes  or  nonarmored  equipment  and  person- 
nel. The  instantaneous  selection  detonates  the  warhead  im- 
mediately upon  detection  of  the  target  by  the  impact  sensor. 

This  is  used  against  personnel  and  light  or  nonarmored  vehicles. 
The  delay  option  on  a fuze  has  a long  and/or  short  delay  which 
is  used  against  hardened  targets  such  as  bunkers  and  ships. 

The  delays  are  chosen  to  allow  sufficient  time,  for  the  warhead 
to  penetrate  the  target  and  cause  maximum  damage . 

The  basic  technology  employed  in  the  aircraf t-to-weapon 
remote-set  fuzing  is  through  hardwire  umbilical  connectors. 

This  approach  to  remote-set  fuzing  was  taken  as  an  added  on 
capability  to  the  hardwire  cables  which  already  existed  in 
the  aircraft  and  pylons.  The  remote-set  fuze  wiring  was  added 
to  the  weapon  power  harness  to  retrofit  existing  aircraft. 

The  advantages  of  this  approach  were  a minimum  risk  since 
it  used  an  extension  of  an  existing  system  and  it  also  pro- 
vided a cheap  and  fairly  reliable  system.  Also  the  high 
voltage  system  was  chosen  because  the  unique  voltage  signals 
were  not  likely  to  occur  from  noise  sources  and  cause  a 
safety  failure. 

The  primary  disadvantage  of  this  method  or  remote-set 
fuzing  is  that  it  requires  a manual  connection  of  an  elec- 
trical connector.  This  is  the  same  method,  and  often  the 
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same  connector,  which  provides  power  from  the  aircraft  to 
operate  the  weapon.  Therefore,  it  provides  an  increase  in 
the  failure  probability  proportional  to  the  number  of 
additional  wires  and/or  connectors. 

Possible  alternatives  to  the  hardwire  approach  include 
optical,  radio  frequency  (high  and  low)  and  X-ray.  Of  these 
technologies  neither  optical  or  X-ray  were  sufficiently  mature 
at  the  time  of  the  program  decisions  were  necessary. 

The  rf  approach  has  several  desirable  features  for  a 
communications  system.  It  does  not  require  a physical  con- 
nection to  the  weapon.  It  has  a high  data  rate  capability 
and  depending  on  the  physical  location  of  the  transmitter 
it  can  act  as  a separation  sensor.  The  disadvantages  are 
that  the  transmitter  and  receivers  are  costly  compared  with 
hardwires  and  that  an  aircraft  operates  in  a very  high  EMI, 

RFI  environment.  The  high  EMI  environment  may  increase  the 
probability  of  fuze  failure  due  to  external  interference, 
also,  the  addition  of  a possible  rf  signature  source  is 
undesirable. 

In  addition  to  the  hardwire  and  rf  systems  previously 
discussed,  there  are  three  other  possible  candidates.  These 
are  X-ray,  inductive  and  electro-optical  systems.  The  X-ray 
has  the  advantages  that  it  does  not  require  a physical  con- 
nection, is  immune  from  most  interferences  found  in  an  air- 
craft system  and  can  be  used  as  a separation  sensor.  The 
disadvantages  are  that  it  has  low  data  rate  and  is  expensive. 
The  inductive  system  does  not  require  a physical  connection 
and  is  fairly  immune  to  interference.  Its  disadvantages  are 
a very  low  data  rate  and  the  requirement  of  a close  proximity 
to  the  transmitter.  The  optical  system  has  the  advantages 
that  it  does  not  require  a physical  connection  and  that  it 
can  be  connected  similarly  to  a hardwire  system  or  included 
in  a hardwire  connector.  It  is  highly  immune  to  EMI  and 
RFI  and  has  a very  high  data  rate  and  the  capability  of 
carrying  several  data  channels  of  different  wavelengths  in 
the  same  cable.  Also,  the  optical  system  is  approximately 
the  same  cost  as  a hardwired  system.  The  disadvantages  are 
that  it  requires  a fairly  accurate  alignment  of  the  trans- 
mitter and  receiver  and  that  the  transmission  can  be  blocked 
by  an  opaque  piece  of  foreign  material  covering  the  entire 
receiver. 
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DIO.  COMMUNICATION  OF  AIRCRAFT  TO  SMART  BOMBS 
AND  GUIDED  PROJECTILES 

DI0.1  Previous  Methods 

The  aircraft- to-weapon  communication  link  is  a small  but 
very  important  portion  of  the  total  aircraft  electronic 
control  and  data  systems.  In  present  aircraft  the  electron- 
ics are  a collection  of  black  boxes,  each  having  their  own 
wiring  harness  and  interfaces.  In  many  cases  the  electronic 
box  is  added  to  the  aircraft  long  after  the  aircraft  is  built. 
Since  the  electronic  equipment  needs  its  own  cable  and  inter- 
face this  necessitates  a partial  or  total  rewiring  of  the 
affected  portion  of  the  aircraft.  This  is  a time  consuming 
and  expensive  method  of  upgrading  the  performance  capabili- 
ties of  the  aircraft. 

Due  to  the  cost  involved  in  making  a hardwire  cable 
change  it  is  difficult  to  justify  altering  an  entire  air- 
craft model  to  accommodate  any  new  fuze  designs.  Therefore, 
when  a system  such  as  the  four  high  voltages  for  the  elec- 
trical remote -set  bomb  fuze  is  incorporated  into  several 
aircraft  models  it  becomes  a de  facto  standard.  All  future 
designs  for  a remote  set  are  then  forced  to  be  compatible 
with  the  high  voltage  system  or  justify  the  expenditure  nec- 
essary to  modify  all  the  aircraft. 

From  this,  it  is  easy  to  see  that  although  the  specific 
aircraft  armament  system  is  not  under  any  fuze  designers  con- 
trol, it  does  have  an  impact  on  fuze  design.  The  development 
trends  of  the  aircraft  armament  systems  should  be  closely 
monitored  by  the  fuze  designers  to  assure  that  sufficient 
provisions  are  made  to  accommodate  any  future  fuze  systems. 

DIO. 2 Future  Aircraft  Armament  Systems 

The  armament  systems  which  will  be  included  in  some 
future  aircraft  designs  will  be  similar  if  not  the  same  as 
the  present  developmental  systems.  The  systems  being  devel- 
oped today  are  for  the  Navy  Advanced  Aircraft  Armament  System 
(AAAS)  and  for  the  Air  Force  Stores  Management  Technology 
(SMT)  programs.  Both  of  these  programs  envision  a digital 
system  using  either  distributed  processing  or  centralized 
processing  architecture.  The  subsystems  in  each  program  will 
have  multiplexed  data  busses  which  will  be  compatible  with 
MIL-STD-1553A  and/or  MIL-G-85013. 


The  multiplexed  data  bus  approach  to  digital  systems 
is  swiftly  becoming  the  standardized  method  of  interconnect- 
ing equipment.  With  the  increasing  sophistication  of  air- 
craft avionics  and  the  rapid  development  of  large  scale 
integrated  (LSI)  circuitry  for  microprocessors,  the  use  of 
digital  circuitry  and  multiplexed  data  busses  will  increase 
rapidly.  Due  to  this  trend  fuze  designers  will  be  forced 
to  use  multi-plexed  data  busses  in  the  near  future  to  com- 
municate with  the  parent  aircraft. 

DIO. 3 Communications  Systems 

The  technologies  which  can  be  considered  for  implementa- 
tion of  a digital  data  communication  system  are  limited  by 
the  data  rate  requirements  to  rf,  hardwire  and  electro-optical. 
All  three  of  these  technologies  are  capable  of  high  digital 
data  rates  and  wide  band  rates  and  wide  band  analog  (for 
video  systems)  transmission.  They  can  also  handle  amplitude 
modulation  (AM)  and  frequency  modulation  (FM) . 

These  three  technologies  have  basically  similar  capa- 
bilities which  are  not  surprising  since  they  are  related 
physical  phenomenon.  RF  and  electro-optical  differ  only  in 
wave-length.  What  is  important,  is  the  physical  equipment 
necessary  to  control  the  signals  and  the  relative  advantages 
in  terms  of  cost,  reliability,  ease  of  installation,  etc. 
of  each  system. 

The  easiest  and  cheapest  communication  system  to  a 
weapon,  is  one  that  is  simply  an  extension  of  the  aircraft 
communication  system.  This  type  of  data  interface  requires 
no  interfacing  circuits  and  connects  to  the  data  bus  just 
link  any  other  piece  of  equipment.  This  would  do  away  with 
the  need  to  add  relays,  transmitters  or  interface  circuits 
to  the  aircraft  and  involve  only  a software  change  to  add 
any  new  weapon.  This  type  of  system  would  provide  digital 
data  communication  between  the  aircraft  and  weapon  and  re- 
quire at  most,  only  the  addition  of  a specialized  connector. 

DIO. 4 Integrated  Communication  Systems 

The  integration  of  all  equipment  and  weapon  communica- 
tion systems  into  one,  requires  that  the  physical  character- 
istics of  the  data  bus  be  compatible  with  the  aircraft  en- 
vironment and  physical  construction.  The  decision  of  which 
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system  to  use  does  not  significantly  affect  the  layout  of 
cable  routing  in  the  aircraft.  Coaxial,  twisted  pair,  and 
fiberoptic  cables  can  be  pulled  through  the  same  holes  or 
conduit,  hardwire  line  drivers  and  receivers  are  plug  in 
interchangeable  with  LED  or  laser  diode  transmitters  and 
photodiode  receivers,  while  the  rf  system  utilizes  a small 
solid-state  transmitter  and  antenna  unit  at  its  control  cable 
termination.  Hence,  hardwire  and  electro-optic  systems  can 
replace  each  other  or  even  be  mixed  if  their  particular 
characteristics  are  more  advantageous  for  a given  requirement. 
The  following  is  a comparison  of  hardwire  and  electro-optic 
characteristics  to  aircraft  and  weapon  communication  require- 
ments . 


Physical 

Characteristics 

1 . Bandwidth 

2.  EMI  Resistance 

3.  Crosstalk  Between 
Lines 

4.  Size  of  Cable 

5.  Weight 

6.  Crush  Strength 

7.  Bending  Radius 

8.  Sparking  Danger 
if  Broken 

9.  Free  Air  Trans- 
mission 

10.  Ease  of  Redun- 
dancy 

11.  Ease  of  Repair 


Electro-optics 

Very  High  (DC  to 
200  MHz) 
Extremely  High 
Zero 

3/16" 

Extremely  Light 
High 

Equal  to  Twice 

Diameter 

Zero 

Good 

Good 

Poor 


Hardwire 
Twisted  Pair 
High  (DC  to  1 MHz) 
Caox  (DC  to  10  MHz) 
Low  to  Moderate 
Moderate 

1/4"  to  3/8" 

Light 

Extremely  High 
Equals  Diameter 

Moderate 

Zero 

Moderate 

Good 


AIR  LAUNCHED  MISSILE  AND  SMART  BOMBS 
FROM  FIXED  WIND  AIRCRAFT 


i t * Presently  seven  (7)  air  launched  missiles  and 
smart  bombs  with  remote- set  fuzes.  The  basic  method  of 
setting  the  fuzes  is  the  same  for  all  of  these  weapons. 

0£iy  fhe . number  of  options  and  proximity  fuze 
options-  y*  hS  followin9  18  a list  of  weapons  and  fuze 


Weapon 


MAVERICK 

WALLEYE  I 

WALLEYE  II 

BULLDOG 

BULLPUP 

HARPOON 

CONDOR 


Fuze  Options 

Instantaneous  Short  Delay  Long  Delay  Proximity 


X 

X 

X 

X 

X 


X 

X 

X 


X 

X 

X 

X 

X 


X 

X 

X 
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EVALUATION  OF  OOO  REMOTE  SET  FUZIN6  PROGRAMS  FINAL  REPORT  ON  JT~ETC(U) 
NOV  77 


DEPARTMENT  OF  THE  AIR  FORCE 

AIR  rORCC  ARMAMENT  LABORATORY  (AFJC) 

ECLIN  AIR  FORCE  BASE.  FLORIDA  1JS4J 

Rt»LV TO 

attn  of » DLJF  14  Aprl I 1977 

(uojccti  Data  Requirements  foP  Remote  Set  Fuze  .Study 


to.  NWC,  Code  3353 

ATTN:  Mr.  Dick  Swenson 
China  Lake  CA  93555 

1.  I have  reviewed  past  and  present  Air  Force  activities  and  future 
plans  to  Identify  efforts  In  basic  remote  set  technology.  None  were 
Identified.  The  only  Air  Force  development  program  directed  to  a 
specific  weapon  system  utilizing  remote  set  fuzing  was  the  FMU-II2/B 
Impact  Short  Delay  Fuze.  The  FMU-II2/B  was  designed  to  be  compatible 
with  the  Navy  AN/AWW-4  Fuze  Function  Control  Set  (FFCS)  and  did  not 
Include  any  work  in  basic  remote  set  technology. 

2.  Recent  Air  Force  decision  not  to  incorporate  the  AN/AWW-4  or 
equivalent  FFCS  in  the  A-IO  and  F-16  aircraft  effectively  eliminates 
remote  set  fuzing  for  Air  Force  air  delivered  munitions  for  present 
generation  aircraft.  The  advantages/disadvantages  of  remote  set  fuzing 
continue  to  be  discussed  in  Air  Force  circles.  However,  if  and  when 
ihe  Air  Force  adopts  remote  set  fuzing  for  air  delivered  munitions,  the 
technique  selected  will  probably  include  either  direct  "hard  wire"  op- 
tical or  electrical  communications.  Therefore  no  specific  Air  Force 
basic  remote  set  technology  efforts  are  anticipated. 

3.  A related  activity  which  ultimately  could  impact  on  the  Air  Force/ 
Navy  remote  set  fuzing  commonality  question  Is  In  the  area  of  future 
Stores  Management  Systems.  Both  the  Air  Force  Armament  Laboratory 
(AFATL)  and  the  Naval  Weapons  Center  (NWC)  under  a MOA  are  pursuing 
Stores  Management  Technology  efforts  designed  to  provide  the  following: 

a.  Specifications  and  plans  for  full  scale  development  of  stores 
management  systems  for  specific  (designated)  aircraft  applications, 

b.  technical  reports  and  data  resulting  from  analysis,  design 
studies,  and  experiments,  and 

c.  the  def Inltlzatlon  of  a standard  store  Interface. 

ROBERT  C.  ERHART 
Air  Force  Member 

Set  Fuzing  Ad  Hoc  Committee  #2 


E-3 


Remote 


fRICKDUO  PJOB  1UJK 


DISTRIBUTION 


HQDA\(DAMA-CSM-CA/Mr.  Ed  Lippi) 
WASH\  DC  20310 

HQDA 0pAMO-RQR/Mr . D.  B.  Hartman) 
WASH  \DC  20310 

Commanper 
DARCOM 

ATTN:  \DRCDMD-ST/Mr.  N.  L.  Klein 
ssistant  Deputy  for  Scie, 
Technology,  Office  of 
lor  Materiel  Developme 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 


Number  of 


Copies 


Happick 


Commander 
DARCOM 

ATTN:  DRCfcE-DF/Mr.  R. 

5001  EisenHpwer  Avenue^ 
Alexandria, \VA  22333^ 

Commander  \ / 

ARRADCOM  \ / 

ATTN:  DRDAR-FU/LTC  H.  B.  Mueller 

Dover,  NJ  078<V1  > 


Commander 
ARRADCOM  > 

ATTN:  DRDAR-L(?F/f 

Dover,  NJ  07801 

Commander 
ARRADCOM 
ATTN:  Mr.  P.  Weldon 
Dover,  NJ  07801 


F.  Saxe 


Commander 
ERADCOM 

ATTN:  DRDEL-CG/MG  C.  Daniel 

2800  Powder  Mill  Road 
Adelphi,  MD  20783 


Commander 

USA  Training  & Doctrine  Command 
ATTN:  ATCD-C/Mr.  S.  Goldberg 

Ft.  Monroe,  VA  23651 


29 


DISTRIBUTION  (Con't) 


Number  of  Copies 


Commander 

USA  Missle  Command 

ATTN:  DRSMI-DC/Mr . J.  Winning 

Huntsville,  AL  35809 


Commander 

USA  Missile  Command 
ATTN:  DRCPM/Mr . Kaiser 

Huntsville,  AL  35809 


Commander 

ARRCOM 

ATTN:  JCAP-EX/Mr.  E.  Jordon 

Rock  Island,  IL  61201 


Project  Manager  for  Munitions  Production 
Base  Modernization  and  Expansion 
ATTN:  DRCPM-PBM/Mr.  H.  Gerson 

Dover,  NJ  07801 


Chief  of  Naval  Operations 
ATTN:  OP- 02 
Washington,  DC  20350 


Chief  of  Naval  Operations 
ATTN:  OP- 03 
Washington,  DC  20350 


Chief  of  Naval  Operations 
ATTN:  OP-506F 
Washington,  DC  20350 


Chief  of  Naval  Operations 
ATTN:  OP-982E42 

Washington,  DC  20350 


Chief  of  Navy  Material 
ATTN:  MAT-0324 
Washington,  DC  20360 


Chief  of  Navy  Material 
ATTN:  MAT- 036 

Washington,  DC  20360 


Naval  Air  Command 
ATTN:  AIR-350 
Washington,  DC  20361 


Naval  Air  Command 

ATTN:  AIR- 5 324 7/Mr.  Englander 

Washington,  DC  20361 

Commander 
Naval  Sea  Command 
ATTN:  SEA-033 
Washington,  DC  20362 

Commander 
Naval  Sea  Command 
ATTN:  SEA- 06 

Washington,  DC  20362 

Director 

NWESA 

ATTN:  ESA- 204 

Washington  Navy  Yard 
Washington,  DC  20374 

Commander 

Pacific  Missile  Test  Center 

ATTN:  2252 

Pt.  Mugu,  CA  93042 

Commander 

Naval  Weapons  Center 
ATTN:  Code- 3 3 

China  Lake,  CA  93555 

Commander 

Naval  Weapons  Center 

ATTN:  Code- 3353/Mr.  Swenson 

China  Lake,  CA  93555 

Commander 

Naval  Surface  Weapons  Center 

ATTN:  Code-WA 

Silver  Spring,  MD  20910 


31 


DISTRIBUTION  (Con't) 


Number  of  Copies 

Commander  3 

Naval  Surface  Weapons  Center 
ATTN:  Mr.  P.  Ward 
Silver  Spring,  MD  20910 

HQ  AFSC/DLCA  1 

Andrews  AFB,  Washington,  DC  20334 

HQ  AFSC/SDZA  2 

Andrews  AFB,  Washington,  DC  20334 

HQ  ADTC/XR  2 

Eglin  AFB,  FL  32542 

AFATL/DLJF  2 

Eglin  AFB,  FL  32542 

HQ  TAC/DRA  1 

Langley  AFB,  VA  23665 

HQ  SAC/XPN  1 

Offutt  AFB,  NE  68113 

HQ  USAF/RDQRM  1 

Pentagon 

Washington,  DC  20330 

HQ  USAF/LGYW  1 

Pentagon 

Washington,  DC  20330 

HQ  AFSC/XRL  1 

Andrews  AFB,  Washington,  DC  20334 

Commander  2 

Harry  Diamond  Laboratories 
ATTN:  DELHD-PP/Mr.  K.  Hine 

2800  Powder  Mill  Rd. 

Adelphi , MD  20783 

Commander  20 

Harry  Diamond  Laboratories 
ATTN:  DELHD-DAD/Mr.  R.  Goodman 
2800  Powder  Mill  Rd. 

Adelphi,  MD  20783 


